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PREFACE 

TO THE FIRST EDITION 

It t^as been tha object of the author* in producmg this 
work, to provide a standard bo& of reference <l^aling with 
cacao ^froih^its growih till manufactured into cocoa hr 
chocolate. * 

For the first time, the chemical composition of cacao has 
been traced from the fresh beans through the ^aridhs stages 
of manufacture, so that the changes which occur during 
fermentation, drying, roasting, etc., may be followed. 

The most recent methods of analysis have b^n discussed^ 
and the author has only recommended those \jhich he 
himself has found to give accurate and* C/Onsisten^ r^jults. 

^ Throughout the book, the word cacao has been used for 
the raw material, that is to say, for the beans or their par^s 
from which nothing has been taken or which have had 
nothing added to them ; for example, after roasting and 
husking the cacao beans, the cacao nibs are ^expressed, and 
the fat is removed with the formation of cocoa powder. The 
word cacao is also used before “ butter,” signifying the fat 
extracted from the cacao bean, owing to the possibility of 
Confusion with coconut fat (obtained from Cocos midjera), 

I am glad of this opportunity to thank those who have 
assisted me in this work, and especially Mr. 6. H. Davis 
and Mr. W. P. Paddison, My thanks ^re also due to 
Messrs. Baker & Sons, l^td., of Willesden, and Messrs. 
Bramigl^ ^ Co., for their permission to reproduce photo- 
graphs of their most up-to-date machinery. 

R. W. 


I>rrroii Hax, 

evBRBV, 


1912 



PREFACE 

TO THE SECOND EDITION 

SlNCf the date of the first j)ublira11on of fhis'workf mucli 
water has flowed \inder London Bridge. It is difficult to 
tliink biM'k to the good old* days wlieii necessities and 
cotninodnies vere cliea)!, and tlie jniblic a])i)etite \fas normal! 
It was then perfectly possible to say what a machine would 
(ost, and to predict the day of delivery. It was possible 
to foresejt, to»some extent, the trend of public fancy, and to 
guide it% taste in certain directions. 

To-(fey;none of these things is possible. The chocolate 
industry is immense and growing very rapidly. There are 
al(»o, on the one hand, high i)rices ruling labour and the cosi 
of materials, and a general shortage of necessary ingredients 
whilst, on the other hand, the increasing demand for sweei 
things does not ease the situation. Even now, it is not 
possible to say how long the public will continue to paj 
the verj' high prices for cocoa and chocolate, nor is it possibh 
to predict whether, in the immediate future, the market 
value of sugar and cacao will go up or down. The ever 
distribution of these ingredients over the world, according 
to the demand, has not yet taken place, and the consumptior 
of sweet things, «iough still very great, must fall sooner oi 
later, if prices continue to ri.se. 

Huge amalgairfations have become the order o( the day 
and science has been called upon by the chocolate industrj 
to assist in the manufacture of a product that was once t 
luxury, yet chaap, but which is now an expensive necessity. 
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I have everpr reasoR l^o believ^l^ that tlfis ^'ork, originally 
puhliBhed at a critical ti«ie in the history of the industry, 
has served a useful purpose in putting before the mann^ac- 
•turer the ways and means of securing a desired })roduct, and 
in providing scientihc* reasons foiPthe develi^pment of Savour 
^d cdnsist(‘n(ry. At any rate, its ))ub]ication was accorded 
a* very cordial rece})tion, and I have ^bo satisfaction of 
knowing tliat a iww edition has bee^ demanded, and is 
awaited with some impatience.* , 

Ai^ imlil^try tliat 4ias grown with such rapidity as thiii 
jiroducing cocoa and cliocolatt* must, ift^cessarily,* develop 
and change. New i(h‘as foi**manufaciure have arisen from 
the n(*cesjllty for both incnnised output and^ labc^ir-saving 
devices. (Jenerally s]»eaking. the cpiality of cotioa anti 
chocolate was very good in Euroiie before 1914, and the 
manufacturer dt‘ voted much time, money ai^ tlibught to 
his product. Then came the war and a gieatly jm^eased 
demand for cocoa confections, a shortage of ingredients, 

, and labour difficulties. It was inevitable that radical 
changes should be introduced into the factory. But wlgit 
then of the quality of the {»rv)duct ? 

Speaking as one who consumed in those dark days more 
chocolate than ever previously in his lifetigie, I am aware 
that, at first, I was severely critical, but later, with palate 
possibly spoiled by too much tobacco, whiskey, bully-beef 
and biscuits, almost any chocolate was chocolate, sweet and 
^palatable. This I believe to have been the experience of 
most people, though, often enough (and I would not attribute 
the depreciation of the jialates of others always to those 
reasons given in my own case), it was%mere shortage of 
chocolate on the market that dulled the powers of dis- 
crimineCtipn. In any case, it is certain that any chocolate 
on the market was saleable in those sugarless days and was 
accounted a luxury. 

In Returning to more normal times, the manufacturer 
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caniMjj^ afford *f o •Ignore quality a'^^uiKlouijtedly he wa 
compelled to do after the dog dajw (,i 1914. . Competiiibi 
and, a more fastidiouH public Rave again to be faced. Si>m( 
changtjH in the factory liave come to stay, and they are dia 
cussed in later pj^ges, whilst the iufluoiioe of these changei 
on ljuality is also considered as far as possible. • 

I ^ave had exceptional opportunities of studying thie 
new side of the chonjolate industry, as I have retufiied to 
face the problems with a fresh outlook and have also had the 
, advantage of viHitiiig the United States of Airftrica jn the 
latter jjart of 1919nnd in early 192(J. 

The Anierican is not hamjiefed by precedent and is ever 
prepared ^o trj' new ideas. Moreover, he is a “ ljuantity 
specialist and, very naturally, wide-awake to any measures 
that will increase output. Further than this, at the time 
of writiifjj, l^s output of chocolate is much below that 
demanded) by the public. America, therefore, may be said 
to be intimch the same condition now as this country was 
during the war, with the exception that the American 
puirlichas never been educated to the standard of chocolate, 
.demanded by the European. The American manufacturer 
can, then, put ui»on the market and readily sell products 
that would not.be considered “best quality” in Europe, 
and it is my opinion that his reputation, on this side, has' 
suffered adversely from, the chocolates he has thought fit 
,to send us during our famine. 

Tli» condition, I feel certain, will change in the very near* 
future. Chocolate factories are springing up like mushrooms 
all over America, whose soil, moistened by the beer and wine 
that has bwn spilt, and warmed by the enthusiasm of 
“ Pussyfoot,” has become particularly suitable for upstart 
industri^ of this kind. -Doubtless, posterity willjbless the 
accomplishment of “ prohibition ” and, incidentally, will 
reap the advantage of better chocolate, for competition will 
bo very severe. 
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Chocolates^ imade in Anieriea^nd Europe to-daj^are, 
r^pectively, as different m chalk from cheese. Perhaps the 
European taste is that of a hlcusS epiiaire ; j>erhaps tlie 
American palate is uncultured. I will not taj^e it upon ijjyself 
to pass judgment. But, and this^ can say with some asser- 
ti€p, clTocolate made in the good old-fashioned way, with 
caieful consideration paid to every detail, ingredient^ and 
to proce^^es of manufacture, is still uneijiialled for delicacy 
of flavour and aroma by any chocolate manufactured by 
short-cut methods. 

I am fully aware of tfie errors and shortcomings of the 
first edition of this work. Th^y were iiK‘vitable, seeing that 
I Vorked allhost single-handed, but they have b^en corrected 
and improved, res])ectively, in the present edition, so far as 
in me lies. Indeed, most of the wwk has been re-WTitton, 
and much, too, has been added, a labour which, at this time, 
I could not have accomplished alone. , 

On the practical side, I have received the moft. able 
i^sistance from Mr. A. B. Bradley and Mr. W. P. Paddison, 
the former in connection w’ith the chemistry of cocoa 
and chocolate, the latter in providing photomicrographs. 
Mr. Bradley, by his numerous exjieriments and analyses, 
Jias acquired more reliable information than I/iould possibly 
have hoped to secure by myself. His w^ork on sugar is, in 
my opinion, particularly valuable and points out the correct 
direction in which to turn to cheapen chocolate, without 
loVering its quality. In this direction, we have wwked 
together for many years, with the result that, with the kind 
and most extensive co-operation of Mr. John Carr — without 
whom our work w^ould have been abortive, — a new and 
valuable asset has been added to the chocolate industry. 
I am not a little indebted to Mr. W. J. Magenis in the 
compilation of this edition. In the most indefatigable 
manner, he has hunted down published information on 
the subjects in hand, often finding it in m(^t obscure 
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jourmln, which, ^(hcnvif^, would have rerda^ied unknown 
to me. 

•Mr. W. L. Dubois, fonnerl}" of llie Uiutid {States bureau 
of Cl^tunistry, wlio lias sent me private eoninuinications 
concerning, and^the analyses of, many American chocolates, 
also rendered me great service, at the same time*addkTg 
mucl^ to the statistical value of this hook. To him I am 
most grateful, and J wish Jiim lu(*k in his new^ un(iertoking 
where he will he able to contimu; his researches in the 
cliocoh^te industry. 

From ^fessrs. 3()S(*j)h Bakia-, Sons and Fca kins, Ltd., both 
in London and New \ork,*I have nreived very great 
assistanf’e, aiid it is gratifying to me to be able to record 
my indebt edn(*ss to this tirm, which, though absorbed from 
1915 until the armistict* in making shells and other muni- 
tions toassmt in bringing tla‘ war to a successful conclusion, 
can now boast of providing machinery, equalled by few’ 
and Hufpa^sed by noms for ust* l)y manufacturers of cocoa, 
chocolate and confectionery. • 

• Though the superiority ol some (lerman machinery fqr 
tlie industry, esj»ecially of mills and granite rolls, before the 
war, cannot be denied, it is certain that the British manufac- 
turer can hold.his own to-day. His business is difficult and* 
specialiswl, and it is particularly pleasant to observe that 
the engimwing firms in this country, making this class of 
machinery, have taken advantage of their ojjportunities to 
pass the foreign competitor. ^ 

Prior to 1914, Messrs. Lehmann, of Dresden, produced 
some of the finest chocolate and cocoa machinery in the 
world, and maifj^ exami)les of their excellent work stand 
to their credit in the beat factories in Europe and America. 
It is rather early to pass judgment on the machinery that 
Germany is turning out to-day, but, from the orders in the 
houses of Mr. Weygaiidt and Messrs. Bramigk Sc Co., 
Messrs, Lehmann *s agents in New York and Ijondoti, respec- 
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tively, it is ^eftr thai. mo samo% inoroiigiiness and#good 
workmanship, that charaftorisqfl that firm’s macliinos of 
old, arp expected by their former clitmts and adherewts. 
Lam indebted both to Mr. We^^^andt, and to Mr. Hillary 
of Me^sj's. Bramigk & Co., for many kindne!ises and, especi- 
aflj, for permission to show illustrations of machines for flie 
excellence of which I can vouch. • / 

Messn*. Savy »Jeailjean et Cie., ^ourbe^oie, near Paris, also 
readily responded to my recpiest for illustration bhx'ks (^f 
their “ Enrober ” and ^ Qirainelising ” machines, Iht^former 
of which is, umiuestionably, the best antomatic covering 
machiiK^ on the market. I welcome this opportunity of 
expressing my appreciation of Iheir ready assistance. 

To many others, too numerous to mention by name, 
to the critics of the first edition of this work, who have been 
many, and to tliose engaged in the manufucKire of cocoa 
and chocolat(s I tender my warmest thanks for t-lw assist- 
ance, criticisms and courtesies which have so gi’eJltl3f helped 
me to bring this work up-to-date. 

R. W. 

StTRBTTOS, 

SUUKEV. 
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INTRODUCTION. 


“ The persons who habitually take cl 4 )eolate are 1^*iiose 
who enjoy the nlos^ equable anti constant health and are 
least liable to a multitude of illnesses which s]>oil»the enjoy- 
ment of life.” In sucli^vyrds does Brillat Savarin describe 
the virtues of chocolate, and, whether frf)in the fact that 
cocoa preparations do actualfy assist in maintaining good 
health or foT the reason that chocolate is the most f»leasing 
confection to the ])alat(‘, it is certain that th<‘ growth of the 
cacao industry, in the last three centuries, is little short of 
remarkable. 

First as a beverage, then as a sweetmeat, chocokite has 
steadily worked its way into public favour, and i> is^afe to 
jiay that in no civilised country of the world is the Prince 
oj sweetmeats ” unknown, and that, wherever civilised man 
has exi>lored, travelled or sojourned, there may be found 
a wra])per, yellow’, blue, red or white, that once contained 
a tablet of some w’ell-known brand. » 

The popularity of chocolate is wcdl deserved, for, besides 
being a sweetmeat, this confection possesses a food-value 
of a high order. Dr. Johnson has show’n that cocoa essence 
contains as much flesh-forming bodies as the solids of dried 
milk, and Professor Forster f has com})ared the heat-giving 
power of cacao and coc*oa preparations w ith some of our most 
valuable foodstuffs. Tlius : 

1 kilo of lean beef .... gives 1,214 calories. 

1 ,, M beef . . . 8,057 ,, 

• BriHal Savarin, " PhynKilogie du Oout.' 

t Profe#MM)r J, Fomter," Ueber htilllndiiiclie Kakao. Em Heitrag zura WrntAndniiH 
der Bedeutu4ig deM Kakao» aU CenufM- und NahrungM-Mttiel.” 
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1 

of cow^s milk 

giv%s ^ 672 calories 

1 kilo of hens' eggs (av. 18 eggs) • . 

.. 1,678 „ - 

1. .. 

husked earth-nuts 

.. 5,184 

1 

peas .... 

.. 2,710 

1 „ 

white iread * 

• 2,528 „ 

i‘ .. 

cacao beans 

.. 5,110 *„ 

1 V. 

cacao ni^ss 

5,967 „ 

1 

cocoa ])OMKler 

• .. 4,167. 

} 

(+jocolate . 

4,763 „ 


These figures *. which show the true food -value of various 
of our nourishing foods, exprain the remarkable sustaining 
lK)wer S)f cocoa preparations, a characteristic which is* 
recognised at the j^resent time by our explorers, athletes, 
soldiei*s, sailors and otliers engaged in work or ]>astimes which 
entail ^eat* physical endurance. 

Thti ancient Mexicans appreciated the stimulating and 
sustaining properties of chocolate, for Benzoni tells us that, 
during the time of festivities, “ they used to spend all the 
day and half the night in dancing with only cacao for 
nourishment.” * 

During the (ireat War, the value of cocoa preparations 
as food was gieeatly appreciated by the fighting troops. In 
all ranks of all the services, (diocolate was used both as an 
emergency ration and as a luxury. It was a convenient and 
concentrated form of ideasant foodstuff which no expedi- 
tionary or attacking force could afford to do without, and 
maiiy*^ a man has blessed the sender of a parcel, containing 
chocolate, and has owed his life to that wonderful confection. 
Without tobacco*, rum and chocolate, placed in the order 
of their necessi^*, an army in modem warfare would be 
defeated even with a suflSciency^ of guns and ammunition. 

Apart from the valuable properties of chocolate as a food, • 
there remains the all-important fact that it is pleasing to the 
palate. All classes, all ages, both sexes, at all times and m 
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all places, now^at chocolate be<^use they !i\e it, aud not 
because it is a stiinulatii^ and nourishing iood ; and it is 
this class of consumer, enabling him to produce a geod, 
•wholesome and palatable preparation witjiin the reach of 
all, that appeals to ihe manufacturer. 

If is fairly safe to say, however, that no single artft'le 
of diet has emerged scathless from the critical survey ^f the 
dietetic reformer or* his antagonist/' writes Dr. Bryce in his 
little hand-book on “ Dietetics.^ Alcohol, we •know, has 
been the subject of ^u^di discussion, and its use^is now 
universally recognised as the better for restriction. “ But,” 
continues Dr. Bryce, ” the virulent antijiathy displayed by 
fanatical temperance reformers by reason of. its lUse as a 
beverage or even as a medicine is (|uite misplaced, if they 
are themselves devotees of the ‘ cup that cheers not 
inebriates.’ For tea, coftVe and cocoa aU owe their 
undoubtedly stimulating effects to their contained active 
principle, viz., caffeine, or one of its allies, a druff wlfich can 
Jbe procured from any chemist’s shoj) and is to be found on 
the shelves of every dispensing physician. When used ib 
moderation the valuable stimulating effects of these bever- 
ages is unquestionable, although it is undoubted that, just 
as a certain percentage of the population is jwisoned by the 
smallest quantity of alcohol, many people display a decided 
idiosyncrasy for tea, coffee or cocoa. Some, indeed, exhibit 
a condition of chronic intoxication manifested by palpitation, 
breathlessness, nervousness, headache, indigestion and, in 
particular, neuralgia and mental and physical depression.” 

Whilst this is interesting and true, and may come to 
mam’’ persons as ” news,” it need not cause immediate 
anxiety in the breasts of the consumer, or the manufacturer, 
of cocoa anpd its varieties. We are comforted to learn from 
the same authority that ” It is quite certain that, in the 
average person, the use of tea, coffee or cocoa may be con- 
tinued in*moderation for a lifetime without introducing imy 
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(legeiiiiBrative on th# nervous system, any rate of a 
character analogous or comparable with that so well known 
to follow even the moderate use of alcohol.” 

\^^e have occasion to refer briefly to the matter again drt 
later pages, wh«i the history of the growth of the cocoa and 
clfocolate industry is tinder consideration, but il is#t)f 
inteiV-st to observe, here, that there was some justification for 
tlie attacks made #ipon the beverage ‘by Ilauch,.in-1624* 
h^irther, the reasoti for mentioning at all, in this j)lace, the 
depresi^ing faci of the stimulating ^tcfTon of cacao is that the 
author has cause fo believe that moderation is often exceeded 
with slight toxic effect to theVonsunjer. The consnmj)tion 
of choc(^late (a cocoa product with some 50 j)er cfnt. of sugar 
is im])lied) is enormous, and is increasing among the 
younger gemration, es])ecially among young girls. America 
is, perha))s,«even worse than Europe at the ])resent time 
in this resp(*ct~ it is as well to make a virtue of necessity — 
and it Is a* matter of speculation how much of the dyspepsia 
and “nerves” of the youth of both continents may b^ 
fittributed to the immodtrate use of chocolate. In America, 
caffeine is already added in small (juantities to some so*ft 
drinks, smaller (juantities, possibly, than are present in tea, 
coffee or cocoa, but, nevertheless, added for the s])ecific 
purjH)se of giving a “ kick ” to an otherwise sugary concoc- 
tion of no individuality. It is not suggested that a drug 
habit would be, or is likely to be, formed by the consumption 
of tea, coffee, cocoa, chocolate or soft drinks containing 
caffeine, or its allies, naturally jiresent or artificially added in 
small quantities : but it is desired to convey to the rabid 
food fanatics, dif^teticians, alcohol-prohibitionists and others 
of like kidney, with which the world at present abounds, 
that a cocoa-drinker or chocolate-eater is »ot entirely 
guiltless of the delights of stimulation which the more sane* 
jierson does not grudge him, and that the world, at large, 
would prefer to eat and drink what it. enjoys because, or in 
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spit^, of the fa«t that’it is stiiin%Iat'ed tllerehy, though its 
days shall be curtailed, raithe) than be legislated to consume 
immaculate food and drink, though its life shall be pn)longed 
Tliere is also mu(*h to be said for time-honoured custojji and 
habit. • • . 

•,l)i(f time and sj)ace allow, there are stories to be told^on 
the romantic side of chocolate : of its divine origin ; ^f the 
bloody wars a!id .brave exploits of ^he Spaniards who 
compiered Mexico, and who wtav the first tg introduce 
cacao into Europe, tal^ almost too thrilling to be believed * ; 
of the intrigues of the Court of Sfjain : and of celebrities who 
met, and sipped their cbocolifte in the parlours of the coffee 
and ehocolRte houses, so fashionable in the seventeftith and 
eiglittnaitli centuries. Hut there is littb^ room for roman(‘e 
in a tt'chnical work of this sort, or in these prosaic days 
when (‘Veil the “ Odoui* of Sanctity ” has bin^p recfuced to 
a chemical formula. The “Food of the (rods is now 
nothing but a scit*ntitic blending of certain cheinic^l (*om- 
♦pounds, and chemists, instead of priests, are protecting the 

fair name of (diocolate. 

• 


* I’rew'ott'H “ of Mexico, ' an<t Ogilby'n “ l)«‘K<Tij»tioii of Aniorira,” eto. 
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HISTORY AND (iUOWTH OP THE CACAO INDUSTRY 

♦ ^ 

The commercial history of cocoa and chocolate com^ 
mences with the introduction of the cacao Ijean into Buropo 
in the year 1528/ when Cortc^s, the conqueror of Mexico, 
returned to the court of S])ain bringing with him ^ large 
collection of minerals, animals and plants to show the 
resources of the newly acquired country.* 

Previously to this, how^ever, the beans of the cact^) tree 
were much used by the Aztecs, the aborigines* of Central 
America, who not only prepared from them the be\erage 
known as “ chocolatl,” but also inade use of them as a means 
of currency, described by Peter Martyr as “ blessed money, 
wliich exempts its possessors from avarice, sirice it cannot be 
long hoarded, nor hidden underground.” f 

The royal revenues of Mexico were raised by imposing a 
tax on all the agricultural produce and manufactures of the 
kingdom. Among the items of the tribute furnished by 
different cities, Mendozza quotes : ” 20 chests of chocolate, 
40 pieces of armour, a chest of maize, 8,000 lumps of unre- 
fined copal, 100 copper axes, 80 loads of red chocolate, 
800 ‘ xicaras * (vessels out of which they drank chocolate), 
4,000 loads of lime, 40 bags of cochineal, 20 bags of gold- 
dust, 200 loads of chocolate, 8,000 ‘ handsful*’ of rich scarlet 
feathers, etc.” 

Torquemada has extracted the particulars of the yearly 
expenditure of the Mexican palace from the royal account 

♦ Pmcoit. ** Conquesfe of Mexico/* 
t “ J>e Orbe Noxo,*’ dee. r., exp. 4. 
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bo«k, which included 2,'ft4,000 fanegas of*c^*ao, an amount 
approximately equal to 100,000 Tons, besides 8,000 turkeys, 
a* quantity of maize about equal to 200,000 tons,, and an 
incredible amount of gajne, vegetables and condiments of 
every kind. * 

Th(‘ value of the cacao beans as coins de])en(Ied upon 
iheVr size, and they may have been primarily looked upon 
as valuable from the mylhical history* of their origin’. 

• The Instory of cacao, as given in Mexican ipythology, is 
not ^fithout interest, for it woukl appear, from one of tlie^ 
most sacred traditions of the^ Indians of Mexico, that we are 
indebted to Divine providence for its introduction to eartU. 
Quetzalcoatl, god of the air, was commissioned to convey 
to man the seeds of the “ quacahault ” or cacao tree which 
was o^ie of the few growing in Eden for the delectation and 
food of th/^ gods and tlie first sons of the Sun. 

lij' the golden days of Anahuae or Mexico, when the 
“ garden prophet ” resided on earth, the land teemed with 
fruits and flowers without the pains of culture ; a single ^r 
of Indian com was as much as a man could carry, and |he 
cotton, as it grew, was dyed to the hues recjuired by man. 
The air was tilled with intoxicating ])erfunies and the sweet 
melody of birds, and things were always as they ought to be. 

Quetzalcoatl incurred the wrath of one of the principal 
gods and was comj)elled to abandon the country, but he 
was so much beloved by the people of Mexico, to whom he 
had taught the use of metals, agriculture and the arts of 
government, that his return was looked for with confidence 
and pleasure, and a temple and altar were erected to his 
worship. He was said to have been tall of stature, with a 
white skin, lotfg dark hair and a flowing beard ; and this 
description, corresponding in the main with that of Cortes 
at the head of the Spanish invasion, prepared largely for the* 
easy acceptance of the Spaniards into the hearts of the people. ’ 
The “ garden prophet ” was worshipped under the name of 
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Votan, which si^ified an add«^ ^otheS Vith precious 
or jdivine feath*ers,'’ a highly complimentary title. Besides 
offering burnt incense, his worshippers were wont to lacerate 
their tongues, as further proof of their devotion, a proceeding 
which, in these day^^ would liardly be considered compli- 
m««^tar>*, as it might imply that they were not desirous ef 
tasting the “ Food of the Gods/’ • 

The Emperor Montezuma took no o^ier beverage than 
chocolate, favoured with vanilla Sr spices, and hq prepared 
as to be reduced to “ a4roth of the consistency of honey.” 

(toldeij goblets, with spoons of the same metal or of 
tortoiseshell finely wrought, wt^re used by Montezuma when 
drinking his® chocolate, and the cup, after being drained, 
was thrown into the lake surrounding the palace. At the 
con(}uest of Mexico, a vast (piantity of treasure was taken 
from the lake, and, judging from the number; of goblets 
found and from the amount of chocolate prejiared daily for 
the emperor’s consumption (” tifty jars or pitcherjf ”), it 
may be assumed that Montezuma was very partial to the 
beverage. 

The beans were roasted in earthenware vessels, ground 
between stones and mixed with cold water, to which was 
sometimes added a dash of cajisicum, probably as a flavour- 
ing material, though possibly as a means of increasing the 
devotion of the sore-tongued worshippers of Votan. 

The richer people flavoured their chocolate with vanilla 
or spices and sweetened it with sugar or honey. The liquid 
was whi]»ped into a froth, and one early historian is careful 
to point out the importance ” of opening the mouth wide, 
in order to facilitate deglutition, that the foam may dissolve 
gradually and descend imperceptibly, as it were, into the 
stomach,” and closes with an eulogy on the beverage so 
prepared. 

The exact date of the introduction of cacao into Mexico 
from Eden is obviously rather difficult to determine, but 
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De^Candolle/ who has /nade a close oi tne History 
of all plants of economic import*,nce, has stated with some 
assertion that the tree had been in cultivation in America 
for tjiree or four thousand years. . • 

The plantittg of the s^ed seems to have called for special 
ceremony among the original cultivators, the sheading* of 
the^lood of man, beast or fowl being, apparently, one of the 
necessary operations. 

Bancroft, writing of ttie Maya races of the Pacific, says : 
*“ Befj>re planting the seed, they^h<#d a festiv^ in honour 
of their gods, Ekchuah, Chac and Hobnil, who were their 
patron deities. To solemnisf^ it they all went to the planta- 
tion of one of their number, w'here they sacfificed a dog 
liaving a spot on his skin the colour of cacao. They burned 
incense to their idols, after which they gave to each of the 
officials a Uran(*li of the cacao plant.’' 

According to Ximinez, the blood of slain fowls was 
sprinkled over the land to be sown, a performance certainly 
more profitable to the soil than burnt offerings. * 

History does not relate of the cacao tree being of any 
commercial importance, liowever, until the conquest *of 
Mexico, when the Spaniards found the people of the country 
fully appreciative of its value. 

For some years the Spaniards kept the secret of chocolate 
preparation in their own hands, so closely indeed that we 
read that, during the war between Holland and Spain, the 
Dutch sailors, on finding cacao beans in some Spanish ships 
which they had captured, threw them overboard with the 
scornful description “ Croiks de hrehis^ 

The Spaniards did not long remain in undivided posses- 
sion of their secret, for, in 1606, we find that one Antonio 
Carletti, who^had himself learnt to appreciate the fine 
qualities of the beverage in Spain, was instrumental in 
briuging them to the notice of the Italians. 

* Or^pn of Cultjv^aied Plaots.*' 
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From this timt onwards, the pofuiianty oC cacao prep^« 
tions spread freely to all parts of Europe, though, in 1624 
Franciscus Rauch, in a book which had a wide circulation, 
stated that the consumption of chocolate was largely re^an- 
sible for the committal of many excesses, especially in the case 
of ^onk?;, for whom he urged that its use should be forbiddeil* 

This, however, was an isolated case of attack agynst 
the use of chocolate,* and the latter part^f the seventeenth 
century was particularly prolific with its crop of articles and 
treatises lauding chodWate as a pleasing and nourishing 
beverage. 

The idea that chocolate * inflamed the passions was 
prevalent fdt a long time, and even as recently tfs 1712 
the Spectator states, “ I shall also advise my fair readers 
to be in a particular manner careful how they meddle with 
romances, chocolate, novels and the like inflamers, which I 
look upon as very dangerous to be made use of duripg this 
great carnival ” (the month of May). We haw fflready 
iieferred to the probable accuracy of the statement in the 
hilroductwu 

Chocolate made its first appearance in France in the 
reign of Louis XIIL, probably through the agency of 
Carletti who was teaching all Europe the process of roasting 
the beans, in spite of the fact that the Spaniards were still 
jealously attempting to guard the method of preparation. 

It is recorded in a number of places that chocolate was 
introduced into Europe from Mexico in 1520 and sold in 
London coffee houses in 1650. It is around the latter date 
that we find a flood of published references, though, as in 
modem times, there can be found one original writer from 
whom many others have drawn their information. 

In 164% there was published “ ‘ A New Survey of the 
West Indies,’ by the true and painful endevours of Thomas 
Gage, now Preacher of the Word of God at Acris in the 
(Tounty of Kent.” In this work were described the origin 
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of tjie name ^ (Jiocolaie/* the method of* preparation, the 
})roceHS of drinking the beverage, and the original story 
which has already been given. The last-named is described 
in thjjse words : “ But how might this Cacao with the other 
Indian ingrediejits be had* in England even by trading in 
Spain for it, as we doe for other commodities ; * or dtttit 
sleig^ting it so much as we and tlie Hollanders have often 
done upon the Indian seas : of whom I have heard the 
Spaniards .say that when we have taken a good prize, a 
ship laden with Ca(*ao, in aiiger aiuHvrath we have hurled 
over-board tliis good commoditie. not regarding the worth 
or goodness of it, by calling iT in bad Spanish Caganila de^ 
t'arner<f or sheep’s dung in good English.” • 

(ragt‘’s work has been freely (quoted by most of the early 
writers, though a book ])ublished by one Johannes de 
Cardenfts in.Mexico, in 1009, and called ” Del C'liocolate,” 
swuns ^0 have been overlooked. Cardenas states that the 
drinkii^ ol chocolate had become (juite common not only 
in the Indies but among the Italians, B(‘lgians and Spaniards^ 
especially at the court, and that he had not seen anythiiig 
written ujmn the subject excej)! by a certain lloctor 
Marchena, The same author describes the method of 
making the sweetmeat or drink with crushed cacao beans 
flavoured with various substances, such as ))e])per, vanilla, 
aniseed and sugar, of which last he personally liked a little 
but not too much. According to Cardenas, the sweetmeat 
was made up into little balls by the Mexican women and 
exposed for sale in the taverns. 

In 1652, we find a book entitled ” t’hocolate, the Nut of 
the Cocoa Tree manufactured in a ))eculiar manner,” but, 
apart from a fejv re(‘ij>es, the work is without interest. It 
is, however, recorded that just previously, in 1650, coffee 
and chocolate began to be frequently taken at Oxford. 

The Public Mveriiser (Tuesday, June 16th) stated, in 
1667, that cocoa was first introduced into England in Queen’s 



HISTORY AXn GROWTH OF THE VArA(f INDUSTRY 9 

Head Alley, fiifliopsgate, though^ with exception *of a 
re}>etition of this siateiftent extracted from ** Mereurius 
Politiciis,” in June, 1659, no confirmation can be found. 

• In the reign of C'harles II., a booklet entitled ‘•India 
Nectar or a Discoilrse concerniiig Pliocolrtte,’’ announced 
that cTiocolate could be bought in East Sniithfield for 
(Is*. H(l. ]K*r ])ound, a |)rice wliich, even taking into considera- 
tion the allenal vatue of eiirrenjj'V, seems remarkably low. 
The author of this work. Dr. Henry Stubbt‘, sA'holar ai^d 
j>hysician to the King*7has drawn largely from (iage*^ work, 
already mentioned, and adds little to our *knowledge except 
, to say (hat : “ The northerly tract thereof (of America) 
))rin(*ipally *seems to use (he drink chocolate in Ne>t' S[)ain, 
MexicH) and tin* iU‘ighbouring IVovinces . . . and, inde<>d, 
it hath prodigeously sj)read itself not only over the West 
Indies, but over Sj)ain, Portugal, Italy, Fram^is High and 
Low (iennany, yea Turkey and Persia ; and hath been 
recommended by sundry Jearned physicians to tlie world.*’ 
^riioinas liugges, in “ Mercurius Loliticus Kedivivus,” 
lj)59 — 72, mentioned “ Theere ware also at,t this time a 
Turkisli drink to hec^ sould in every street, called Coffee 
and another kind of drink called Cho(*olat<^ Avhic'h Mas very 
harty drunk.” 

Even at this time, tht^ best chocolate must still have been 
a luxury. In 1()65, Le C’omte de Conjinges, the French 
Ambassador in London, M'rites in his correspondence, ” I 
M'ait only till Persod, the King’s Messenger, (;omes back to 
send to you t wo cakes of Chocolate, the best in the M^orld, with 
\Yhich I have been presented by the Spanish Ambassador.’* 
That chocolate has not been entirely ff'ee from scandal 
may be deduced from the lines, penned by Andrew Marvell 
in 1667, after the sudden death of Lady Denham who was 
8uptx)sed to have been poisoned in a cup of chocolate : 

" What'K fiYMt to fruit, wtiat^H arftenic tu a rat, 

Wm to fair iJenham— <*hoeoIptc.’’ 
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IJpes were, liwvevef, qinickly found for«preparations of 
cacao by the needy government of William and Mary, 
which, in order “ to raise the rest of the supply for their 
Majesties resolved to introduce a bill to forbid the sale* 
of beer, ale, (lider, mumm, coffee, 4ea and chocolate 
without a licence.” In 1690, on June 2nd, the resblutioti 
was ^rried. 

There is an a noising and interesting recipe given by 
Oolmenero,# in 1681, which includes the addition of chiles 
or Mexj(*aii pe])])er, aniseed, powdered*l‘oses, logwood, sugar, 
almonds, nuts and a variety of other flavouring matters to 
cocoa for those ” qui jouisseht d’une bonne sante.” In 
spite of*the ('oniplexity of the decoction, which^must have 
been very expensive to prepare and, incidentally, very 
nasty and of doubtful virtue, cocoa preparations worked 
their way s^^eedily into popular favour, for we read in a 
lettor d^ted February 11th, 1671, that ” Madame de S6vign6 
est desbl6(f de penser que sa tille })artie pour Lyon n’y 
trouvera pas de chocolatiere.” 

In 1659, one Chaillon David obtained the monopoly in 
France for making and selling chocolate, a privilege wiiicii 
w^as renewed in 1666 for twenty-six years. His factory is 
said to have been in Paris near the Croix du Tiroir at 
the corner of Kue de TArbre-Sec and the Eue Saint 
Honor6. 

Under Louis XIV. the use of chocolate became very 
general in the country, and the advent of the first crop of 
cacao grown in the French colony of Martinique, in 1679, 
marked the first step of organised cultivation. 

In 1692, the monopoly of manufacture and selling 
chocolate, wliicji had been previously in the hands of David, 
was transferred^ to Damame, who was entitled Ho hold it 
for six years. There is, howwer, on record the advertise- 
ment of one Benaud who also sold chocolate in this year 
and who, after describing in flowery language thoi delicacy 
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• •• 

of the flavours# of vanilla and ^mbergrii when add^d to 
chocolate, enSs thus poe4ically : — 

'* Maui flaiM vouH tant inqui«*t«r» 

Pour Tavoir agitable 
All^t c'hez lionaud Ta^ek^r, 

On Ty trouve admirabto. 

C’««t chpz lui vrai ohooolat 
Quc «o tient la fabrique . 

Lp^vrnilez-voufli bicn delicat 
rp raarrhand e«t runbjiic/’ 

One ye*ar later, in 1698, we find the privilege was ejctended 
to all confectioners and giocers, Louis' XIV. apparently 
seeing in the new industry a^ineans of increasing his private 
revenue. •Phis was but following the lead of thtf English 
politicians of 1690. 

The price of cocoa must have fallen somewhat during 
this year, for we read that, in 1698, the Prenoli King “ mis 
le chocolat a la disposition de ses invites les jours recep- 
tion . . . le chocolat ne coutait a ce moment que sik francs 
• la livre.” 

At this time there wwe only very small quantities of 
cacao in the hands of private individuals, as the high price 
of the beans, which were only obtained through Spain 
from Central America, was a serious hindrance to the 
general use of chocolate, and it is interesting to note, when 
we come later to discuss the world’s output of cacao at the 
present time, that the man Rodolphe de Canvillet, whose 
name should be handed down to posterity for declaring 
to the revenue officers the greatest amount of cacao in any 
individual’s possession, was the owner of exactly 10 lbs., 
and that the total amount of beans declared in France did 
not exceed 22 lbs. This, however, does npt indicate that 
a great deal more cacao was not actually in existence in the 
country. 

In about 1680, the Spaniards had carried cacao from 
Acapulco to the Philippine Islands where, we are told by 
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Blanco {“ FL (fe4'ilil>inaft^’ 2nd edit., p. 422), thrived 
exceedingly, though no record of® the arrival of the fir»t 
Philip}>ine (to]) is recorded. 

Chi^colate was freely taken both in Phigland and Germany ' 
in the middle of^the seventeenth cental^’, when coffee and 
chdcolato houses were in high vogue in both countritsf. 
“ Whte’s,” of the flaymarket, celebrated for its chocolate 
and fasliionable cus4oniers^alike at the* commencement of 
the eiglit(H^ith century, was typical of the many which 
existed jt that time. It may be remembered that White’s 
Chocolate House Ts represented by Hogarth in the fourth 
picture of his “ Hake’s Progress.” 

Another (-hocolate hous(‘ is recorded as existing under 
the House of Lords about this time, since inside a book was 
found : ” Bought in ye (’hocolate House under ye House 
of Lords* 

The ^)ld “Cocoa Tree” coffee house, situated in St. 
James’s*Sti^^t, l^iccadilly, was a Tory remlezvom of Queen 
Aniie’s tinu', and was afterwards transformed into a club,* 
similar to “ White’s” wliich was in the same street. 

O/inda's Chocolate House, next to St. James’s Palace, 
was anotlier Tory resort, but its owner was arrested in 1775 
for conspiracy witli the Jacobites. 

The “ Cocoa Tree ” sign survived as late as 180K, but 
is then recorded as at a shop of a tea dealer in 302, Holborn. 
Another chocolate house is ment,ioned as being next to 
Slaughter’s Coffee House in 1742, and yet another at 
BJackheath. 

There were, doubtless, many chocolate houses doing 
business about this time, though the high prices of the 
preparation mus|, have kept it from the reach of all but 
the very wealthy. 

It is learned that a silver chocolate mill was a necessary 
piece of e<iaipment, but the present writer has been unable 
to find one of authentic antiquity. Probably it wa» similar 
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to a coffee iiiHl find was subsequ«itly use(ifi)r tliat ptqjj}ose. 
One such mill was advertised as being lost at* or stolen from, 
the “ One Bell ” in the Strauid, and, as it was engraved with 
'“•three boars’ heads on fess of lozenge,” it is presumed that 
it belonged to one of the tithed gentry, • 

••A patent was taken out in 1730 by Walter Churchiiian 
for making chocolate without tire. It was claimc^ij^ that 
cliocolate, jarepiired in this manner, dij 4 Solvt*d immediately, 
wjis srnootli to the palate, of full tiavour and^left onlv a 
very fine sediment, “ being by the method made free from 
the usual Grit and Roughness so much disliked.” This is 
j)articularly interesting in view of the elaborate machiiuTy 
re<piired tfi-day to secure the. same end. This Oiiocolate 
could be sold at o.s*. per })ound, with “ Vanelloes ” at (>.v. ))(*r 
j)ound in c()m})etition with that sold by the best makers 
at i)s. i)er pound and “ Vanelkx^s ” at 7.s'. ; but it observed, 
“ To be sold (only for r(‘ady Money) at his Cdiocola^e Ware- 
house ; at Mr. John Yoiuig’s in St. Paul’s Churrhytml and 
•by L. Broiise, Haberdasher of Hats in Great Turnstile, 
Jlolbourne.” 

In 1742, in the Dailij Advertiser, is a reference to E, Bence, 
widow of Peter Benc(‘, chocolate maker in Broad Street, 
Soho, who “ continues to make and sell all s(^ts of Chocolate 
after the Maimer of Mr. Alphonce, Confectioner to the late 
Countess Dowager of Albemarle.” 

Thereafter, references become much more frequent, a 
recii)e in the Genileviatd s Ma<jazine, 1791 ; the formation 
of a Cocoa Tree Club in London in 1747 ; a jiatent by 
Joseph Storrs Fry, May 7th, 1795, etc. 

In 1820, duty was paid in this country on 276,321 lbs., 
and, three years later, imported chocolate was allowed to 
enter England. The following thirty years saw many 
developments in the system of taxation of cacao and cxxjoa 
preparations, but, apparently, by this time the sweetmeat 
had got* a hold upon the British public. In 1866, we find 
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176^59 lbs. of cftcao and 'cocoa preparatiotis^mported into 
England from France. More recftit statistics are given in 

later pages. • . 

Di». Lindley, Professor, of Botany, in a lecture to tbe 
Society of Art* in 1851, damned thS English chocolate 
makers with faint praise, saying, “ We have the evidence 
of oifc of the most skilful brokers in London who has had 
forty years’ experience of the trade, that we never gefgood 
cpcoa in tlris country. The consequence is that qll the best 
chocolate is made in Spain and France and the countries 
where the liner (lescription (>f cocoa goes. We get here 
cocoa which is unrii>e, flinty and bitter, having undergone . 
changes* which caus(i it to bear a very low })rice on the 
market,” Before the same society, however, in 1874, 
John Holm said, ” The Spaniards did not at first appreciate 
the virtues of chocolate, and one of their earlier travellers, 
Hieronymus Benzo, describes it as a ‘ drink fitter for a pig 
than a mah.’ ” 

it would appear, then, that the taste for chocolate, US' 
prepared in the old daj'S, was “ cultivated,” for it is seldoip 
that anyone can be met at the present, time to condemn 
it 08 unfit for hunian consumption on the ground of 
unpleasantness! 

From an article in Nature, (II., 497, 1870), written by 
J. B. Jackson, we gain an insight into the older method of 
preparation of chocolate. The beans were roasted in a 
revolving metal cylinder which caused the husks to shrivel 
slightly, so that they could be removed by fanning. It was 
stated in the same article that large quantities of the husk 
were imported from Italy under the name “ Miserables,” 
which were used hi Ireland by the poorer classes. Jackson 
warns the people against adulterations of cocfta; “the 
public, by using them, sacrificing purity for convenience in 
the preparation for the table.” These adulterated powders, 
be tells us, are prepared by grinding the nilw under heavy 
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heated rollers^ starch, flour, sugar, molasses and, in^ the 
cheaper kinds, other ingredients Jess wholesome, being 
added. The names ‘‘Homeopathic*’ and “Soluble” were 
applied to cocoas of this type, and ** Bock ” and ” Flake ” 
cocoas are also mentioned in this article. Jackson con- 
chules liis paper with a regret that the public should 
have allowed their taste for j:)ure cocoa to have become 

vitiat-ed, and with « recommendation that ” the head of 

♦ 

eveiy household might make himself analyst tro his own 
family, and so see tliat he does not get cheated, either 
in pocket or health.” 

Our earliest botanical historians show some divergence 
of o})inion lis to the native land of cacao. Huidbbldt ♦ 
states that the cacao tree ** groAvs wild in the forests of the 
Amazon and Orinoco basins ” ; Schach f says that it is also 
to bo found in the wild state in Trinidad ; and De Candolle, 
the greatest authority, doubts whether the cacao plant is 
indigi*nous to (juiana, and continues, ” Many eafly writers 
indicate that it was both wild and cultivated at the time of 
the discovery of America, from Panama to Camj)eachy ; but 
from the numerous quotations collected by Hloane t it is to be 
feared that its wild character w as not sufficiently verified.” 

Tow nsend’s ” Dictionary of Dates ” records that, in 
1649, only one cacao tree existed in the Windward Isles, 
and that that was grown as a curiosity by an Englishman, 
In 1655, the cacao tree was found in Martinique, and its 
cultivation commenced in 1660, but it is not until nearly 
twenty years later that we find a record of a crop appearing 
in Europe. 

Cacao was said to have been cultivated in Jamaica in 
the early part of the seventeenth contury, but, according to 
Long in hm “ History of Jamaica,” the plantations were 

* Hxiniboldt. ii., &11. 

t Onmlmch, in “ Flora of Britkh We»t Indios.'* 91. 

« X SUwoe/* Jatnnic*,** U.. 15 
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destroyed by a • blawf/’ • It must havH^ betn about the same 
time tliat disaster overtook the jilantations of Trinidad, .for 
Sir A. de Verteiiil mentions in his work on Trinidad that, 
“ In Jhe year 1727 a terrible epidemic spread in tlie cwao 
])lantation,” a^catastrojdie which resulted in complete ruin. 
m)me thirty years later, the <*acao industry was r^ive^®in 
the^slaiids by the Capuchin Fathers, who introduced the 
hardier but infeiyor Forastero cacao which, Sir A. de 
Verteuil tills us, is tlu; variety at ])resent cultivated on the 
island^of Trinidad. 

Frevious to ‘the importation of the Martiniqm^ crop 
into Franc(‘ in l()7h, theh‘ is little doubt that all 
the Cit^'ao (‘onsumed was obtained from Cent^’al America, 
as there is no r(‘al evidence to show that the cacao 
.tree was known to be growing wild or in cultivation 
t‘lsewlu‘rt‘. • 

Tlii* result of such a limited area of su])])ly was, very 
natur&llyt to cause cacao preparations to assume a hij^h 
juice in thost‘ days, and was, for a lonj^ tiin(‘, a serious 
hindranc(‘ to their i^eneral um‘ among all classes. The 
im])rovements of means of transjaut, and the (aiterjuise of 
jdanters and manufacturers, have now <aiabled chocolate 
in all forms to be jilaced within the reach of even the very 
j)oor, a condition of affairs which has greatly j)Oj)ularised 
chocolat e confect ions. 

The first re(*ord of tlie manufacture of chocolate on the 
large scale is about 1756, when, it is said, Prince Wilhelm von 
der Lij)])e erected a factory at Steinhude and brought over 
Portuguese workmen especially exjierienced in the art of 
chocolate prejiaration. 

France cfaims to have lH‘en the first to ereid a factory 
with mechanical devices for the preparation «^f chocolate, 
the honour being due to M. Carbonne, who seems to 
have been insjm’ed by the jiossibilities of driving the 
macliinery by water-pow’er in the same way *as hi? oil 
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^ which he ^ducted in conjuftction with his chocoUte 
factory. 

In those days, the world’s output of cacao was extremely 
small and it is mteresting to note that, in 1909, it was esti- 
mated that a total of 891 million pounds of t;acao was put 
upaa the market and that many hundreds of factories were 
busily at work, in all countries, presenting cocoas and pfein 
ana fancy chocolates *to an ever-re^dy public. 



CHAPTER 11 

STATISTICS OF THE CA(^AO INDUSTRY 

^In spile of the war, the ca('ao-])ro(ln(*ing countries have 
shown a steady fticreas^ in output till, in 1917, the latest 
year for Vhich ligures are at ])resent obtainable, the world’s 
estimated ])rodyctlon amounted to over 742 million pounds. 

Of this, some 320 million p(iunds were grown in the British 
Empire. c 

The increasing supjdy of, and demand for, cocoa and 
chocolate are clearly exem})!itied in the growing imports of 
the raw materials. England, France, Germany, United 
States, Hblland, Switzerland and Russia have all shown 
largely increasing imports of cacao beans in ])re-w'ar days, 
the figures for home consumption in each country showing a 
similarly large increase. 

H. Jumelle * estimated the consumption of cacao in 
Euroi)e in 1900 as close upon 05 million kilos. Of tliis 
quantity f : — 

Germany consumed . 20 million kilos. 

France consumed . 10 „ 

Phigland consumed , 12 ,, 

Spain consumed .10 „ 

Russia consumed .1 „ 

This estimation of cacao consumption in England, 
approximately equal to 20| million pounds, seems too low 
when the 19^ official return of raw and manufactured cacao, 
consumed in the United Kingdom, is compared w ith it. 

• H. Jumdle, ** Le C«cftoy«ir,” 1900. 

t The United Stetee, which b not included in Juraelle'ii eetim&te, ww at the head 
of ill cmcio-coniuming countriee for the yew ending June 30th, 1909, a total of I3t) 
pounds of cacao, raw end manufactured, being recorded for'^hat country. 
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The following* table shows thfe official* return of fhe 
consumption of coffee aiK^ cacao for the United Kingdom 
for the ten years 1899 — 1908 : — 


Table 1.# 


. 

• 

Coffee (cvrt**.). 

Olu’no (IIm.) 

(Raw an<( manuractnrexl). 

1899 

259,949 

8i».372.972 

1900 

260,425 

44,569,740 

1901 

283, (i06 

. • . 49,882,354 

1902 

255, .567 

53,688.‘597 

1903 

268,820 

/)l, 042,005* 

1904 

257,540 

. . . 55,286,457 

UK)5 , . 

2.57,612 

54,872.92-i 

1906 

255,679 

.52,617,24!* 

KK)7 

261,096 

55,023,420 

UK)8 

260,675 

.56,566,51. 


Prom tliese figures it will be seen that, whilst the consump- 
tion of coffee had remained practically stationary Oicer^hese 
y^ars, cacao showed a very steady and ])ronounced increase. 

This increase in favour of cacao over coffee was noticeable 
in the imports of other countries, notably of Germany, for, 
according to statements j)ublished by the Association of 
German Chocolate Makers,* the consumption of coffee 
increased in that countiy 24 per cent, between 188G and 
1898, while that of cacao increased 3B0 per cent, over the 
same period. 

The imiK)rts of coffee and cacao for these two extreme 
years were as follow : — 

Cdiffee. Cacao. 

1886 . 1,236,305 quintals t • 36,867 quintals. 

(approx. 2^ million cwts.) . (approx. 8 million lbs.) 
1898 . 1,332,704 quintals. . 154,649 quintals. 

(approx. 3 million cwts.) . (approx. 34 million lbs.) 


* Vfrband. dnU^h. Sehokoladefah., xix.. No. 7. 
t 1 quintal «« L96ft4ciirtfi. 
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Unfortunately,* comparative tifjures lor later years have not 
been obtainable. 

In Table IL will be found the quantities of raw cacao 
consumed by the most important countries for the period 
of the three years prior to the war. • 

^Tablk II . — The World's Consumption of CacaOf 19ll — 4918. 


• 

* 

1011. 

. 1012. 

1913. . 

• 

C’wts. 

C^wts. 

CVts. 

United StateR 

1,160,686 

1,303,205 

1,330,736 

. (iennany 

1,001,031 

1,084,293 

1,004,927 

690,117 

Holland ♦ 

463,282 

490,546 

United Kingdom . 

620,568 

549.(KJ7 

664,079 

France 

638,998 

528,193 

542,335 

Switaerland . 

193.927 

203,572 

201,721 

• Sjmin 

126,804 

104,696 

c 121,371 

Austria-Hungary . 

116,140 

130,420 

121,210 

Belgium 

108,183 

137,630 

120,663 

Russia 

99,207 

88,2(H 

; 103,046 

Canada 

41,888 

69,819 ! 

i 59,045 

» Italy 

4.3,167 

47,872 

! 48,364 

DenrAsirk 

33,561 

33,994 : 

39,801 

Norway 

20.068 

22,164 1 

i 23,640 

• Other countries * . 

106,294 

118,104 

129,914 


4,573.794 

4,901,618 1 

! 5,0(K>,969 


An analysis of the statistics for the production of cacao, 
during the years 1912 — 1917 inclusive, is shown in Table III., 
whilst the relative importance of cacao-growing, in some of 
the chief countries of production, is shown by the following 
figures : — 


Export of Caeao in cwis, per square mile. 


San Thom6 

1,487-9 

Grenada 

785-7 

Trinidad 

280-6 

San Domingo 

21-2 

Gold Cq^st (Colony and Dependencies). 

12-6 

Ecuador 

“ 6-6 

Venezuela 

0-8 

Brazil 

0-2 
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Tabl» ftl . — Production of Raw Cocao. 



1012. 

1013. 

1014. 

lots. 

1016. 

1017. 

Oo(d CoMi 


tWla. 

Cwla. 

ci»m. 

f!wta. 

Cwta. 

• 

Cwta. 



772.UK3 

1.011,071 

1.057.764 

1.545.560 

n, 443,296 

1,610,260 

TriakliMl 


870,704 

420,610 

566.400 

462,670 

470.303 

626.204 

GrvnaQa 


101.043 

105,264 

102.600 

120,402 

100,772 


JamalcA 


e5.«75 

46,.35» 

72,209 

68,467 

64.360 


Ht. Lud* 


17.004 

14,586 

14.232 

I6,47a 

14.575 

11.1<6 

Ik>tniDU'!» 


ll.AOO 

0,560 

6,602 

10,664 

5.514 


Ht. Vlnrrnt 


2,005 

1.006 

2,010 

21114 

1.5M 

i.iei 

Montsmat 

• • 

33 

40 

•24 

20 

*1 


ToUI. BritM) West Indios 

508.223 

607,340 

766,356 

703,044 

675.250 

- 

Nigeria 


«7,H0l 

72,427 

06,777 

lH2.00if 

170,121 

e 

908,641 

(Teylon . 

. 

71.7.54 

66,526 

54.633 

63,463 

73,245 

72.697 

RritMi UuiiinA 

102 

505 

» 445 

533 

416 

71 

1 rgandH 


— 

— 


164 

256 


1 *Britfaih HotKiunu* . _ 

03 

445 

164 

164 

164t 


Fiji 

. ^ 

HO 

70 

106 

04 

21 


Mauritius 

. 

— 

19 

20 

20 



Hrydieik« 

- . 

i 

15 

4 

* 1 


“ 

Tatol. Urltteh Kiupirt- 

1.4HI,(KM) 

1,760,427 

1,978,201 

2.515.161 

2,371,720 

2.6.57,500; 

- - - - --- 



. - - 

— 



-..a 

firaail . 


<KMI.H40 

505,160 

602,236 

665,142 

860, §47 

1,004,561 

Ki'uador 

. 

7(IH.:{74 

774,728 

620.025 

726,461 

630.606 

600, 0(N); 

Han 


060,571 

657,651 

65.5.653 

566.271 

652,707 

6e7,758 

Han l>oniing(i 


; 410.000 

.363,264 

406,335 

397.060 

414,203^ 

476.186); 

VenrruHa 

. 

i 2H1.24f> 

201,402 

3.52,127 

350.724 

206, 780* 

304,437 

ramrrocind 


! HO, .580 

103,6.36 

60,000; 

1 

1 

« 

l‘<>mando 1V» 

. 

43,876 

55,566 

61,666 

76.058 

65,000 

73,796 

imtch Guiana 

10,006 

30,077 

37,2.52 

38,611 

30,632 

87,021 

Ja>a 

, 

46,534 

41,300 

31.112 

26,718 

26,040 

80,600 

Halil . 

. 

61.306 

34.iH)2 

41,837 

.3.5,067 

36,622 

90,364 

(niba . 


30,:i68 

27,636 

36,226 

33,060 

20,500 ; 

20,500; 

jielgian Congo 

16,633 

17,000 

0,503 

12,200 

15,152 

15,310 

Guadeiou^ie 

. 

18,106 

17,876 

22.126 

1 I 

1 

4 

HarocMi . 

. 

14,400 

16,000 

18.(MM}; 

f 1 

i 

4 

Marttnlqur 

. 

0,860 

10,:i05 

8.635 

1 I 

1 

4 

(’oata Rica 

, 

6,061 

7,559 

6,406 

» i 

a 1 

4 

Crther (orolfa couniriw s' . 

18,400: 

10,500; 

20,000; 

166, (XM>; 1 

176,000; 

170.000; 

Worid'a total 

4,534,000 

4,844,000 

.5,304.000 

5,657,000 1 

1 

5,629,000 

6,626,000 


The ports of entry have, since the war, been necessarily 
somewhat modified, and the following particulars, as those 
most recently obtainable, have been taken largely from a 
very able article appearing in the Bvlletin of the Imperial 
Institute in 1919. 

• Bull. Imperial Imtiiulet 1919, xvii., 1. 

t Figiijw for 1915. 

i Ectimfttes. * 

$ Induded in other foreign oountriee.** 

ij Colombia, Mexioo, TogoUnd, Onhoon, Gerninn New OuinM, M«<higMo«r, French 
Guiann, German Fact Africa, Irory Coaet, Dahomey, R^nkm and New Oalmioata ; 
and in 1916— >17, §too Oameroona Guaddouiie, Samoa, Martinique and Ooeta Bloa. 

^ Ap^jdmate figorea 




22 - 


CWOA AJ<D CHOCOLA-m 


• Ww York.-Since 1913, America has bWme the greatest 
consumer of cacao, the total importations ^ 
ending June 80th, 1917, amounting to over 150, OUU tons, 
valued at eight and a (giarter million pounds sterling.' In 
cl 91 8, they had increased to 180,000 tons, valued at over 
eight and a half million pounds sterling. 

^Tlie bulk of the cacao imported into America is consumed 
in that country, ftiougln during 1915 and 1916, there was an 
’ exceptionally large re-export traile to Denmark and Sweden, 
but, ‘ill 1917, the re-exports to Europe fell off considerably. 
The imports from the chiet countries into America, during 
the wars ending Juim! 80th, 1914 and 1918, were 


ImiMirtiMl Into Amerh'H. 

lUld-l 

14 

1917- 

-18. 

t 

Kruig 

Cwts 

rorei'iiUgn 
of total. 1 

CwtH 

, PereontaRr 
of total 

• 

ItriliHh Africa 

Hraiil 

7d 

230,1)84 

i 

14-7 ! 

887,474 

815,().3» 

24 9 

229 

Kouador 

2:U.ft98 

14-9 

685,595 

19 2 

Britiah Wcat Indies 

39»,4U 

25 0 i 

459,277 

12'9. j 

Dominican Bc|»ul»lic 
Vcncr.uela 

239,134 

3fl.74r) 

15 2 

2 3 

355,814 

185,978 

10*0 1 
8-2 

United Kingdtmi 

1 Portugal . 

115,211 

158,38,7 

73 1 
10-1 

1 

9.269 

1,204 

0 24 
0(>3 


A simultaneous decrease in the imports of prepared cocoa 
into America and a corresponding increase in exports of 
locallj’-made cocoa jiroducts should be noted, thus : 



1m|tort« (foreign 
nrerchaitdifle). 

ExjKjrtu* (doiuMtlc 
inerehandlse) 


gniiiitlt> 

Value 

Value 


('wts. 

£ 

£ 

1912-13 . 

30.988 

164 100 

78,403 

1913-^14 • 

27,647 

147,123 

70,196 

1914_15 . 

21,675 

121,857 

002,951 

1915— le , 

20,967 

127,576 

347,637 

1916—17 , 

16.3,35 

115,237 

719,067 

1917—16 

2,428 

^ 19,770 

1,365,500 


• expart«d not recorded in offioud trede retuins. 
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The prepared oocoaa and chocolfftes were obtained maiuly 
from the Netherlands, and smaller quantities from the 
United Kingdom. Up to 1914, some cocoa products were 
rweived from both Switzerland and Germany. 

Hamburg , — Hambtirg was, before the war, with the 
exepe 4 )tion of the years 1909 and 1910, the largest Europeafl 
cacao j)ort. The year 1913 showed a net import iito 
Holland alone of 590,000 cwds., valued aW £1 ,634,000. The 
total imports for that year into Holland were 848,000 cwd.s.,^ 
of which nearly 90 per cent, came through other Eurppean 
countries. Of this (juantity, Java provided *41 ,700 cwts., the 
West ln(li(‘s 23,100 cwts., and* South America 22,500 cwts. 
of raw’ cacatf as direct importations in 1913. Ainstt^rdam 
receiv(*d tlie greater portion of the Java-grow’n cacao. 

Cacao used to enter Germany through the port of 
Hamburg before th(^ war. Tlie quantities, consumed in that 
country, fluctuated somewhat and amounted to . some 
10,000 or 15,000 tons below the consumption of tlte Touted 
States. It is interesting to record that about one-third 
of the cacao, imported into Germany in those days, came 
from British possessions, mainly from West Africa. 

Havre . — In 1909 and 1910, Havre occupied the premier 
}>OHition as chief port of entry for cacao in* Europe, lii 
1913, it was passed again by Hamburg. France consumed 
542, 0(K) cwds. of raw cacao, valued at £1,930,000 in 1913, 
and, in addition, 58,000 cwts. of cocoa products, valued at 
£340,000. The cacao entering Havre came chiefly from 
British West Africa, British West Indies, Brazil, Venezuela, 
Dominica and Ecuador. 

London . — In 1914, London held fourth place among the 
cacao importing ports of the world, Hamburg, Havre and 
New York, ni the order named, coming before it. 

“ Assuming 1913 to be a normal pre-war year, the 
British possessions produced in that year about two and a 
half times AS much raw^ cocoa (cacao) as the United Kingdom 
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imported from M soarcef?? Again, only aftojit one half of 
the importations of raw cocoa ft?acao) into the United 
Kingdom came direct from her own colonies and protec- 
toratei, in spite of the ami)le supplies available, the other 
half being from«foreign countries. Th^ apparent unecono- 
mfcal situation is further emphasised by the fact that forei^ 
non-jyoducing countries manufactured the raw product of 
British possessions and largely supplied the manufactured 
article to the United Kingdom.” 

Djjring the war the situation altered and a continually 
increasing amount* of raw cocoa (cacao) was obtained from 
British possessions as the following figures show ” : — 



Total value of raw 
cacao 

From British Po-Kesaiona. 

^ • 

£ 

£ 

Per cent. 

1918 , 

2,198,918 . 

1,158,146 

. 52-7 

1914 . 

2,438,918 . 

1,204,078 

. 49-4 

1^15 • . 

5,746,954 

3,545,888 

. 61-7 

1916 . 

6,498,155 . 

4,417,889 

. 68-0 

1917 . 

3,498,194 . 

3,010,442 

. 86-0 


This is satisfactory so far as it goes, but it is still more 
Ratifying to lertrn that not only has the United Kingdom 
imported more cacao from British possessions during the 
war, but it has taken and retained a larger proportion of 
their total output. 

" Tables IV . and V., taken from the BuUetin of the Imperial 
Imiituk, showing imports and exports of raw cacao and 
cocoa preparations in and from the United Kingdom during 
the years of the war, are, perhaps, of greater interest than a 
written survey* ^ 

It is almost impossible to speak of the future*8o far as 
Bossia and Germany are concerned. The former country 
before the war chiefly dealt with re-exports of raw cacao 
from the United Kingdom* In 1916, nearly one*fiftb of onr 
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total re-exports 4vent to Russia^ baCin 19l7, the abnormal 
conditions led*to an almopt complete cessatioh of this trade. 
Germany, until 1914, held the cliief place as importer of raw 
eacao from the United Kingdom, but it is not possible at this 
time to foresee the future for thJt country^ 

• .To those interested in the study of cocoas and choi^olates 
and in the characteristics of these products shown in vyious 
countries, the follow^ing particulars may^appeal : — 

Importing countrj\ or country' of origin. • 


France (1913) 

Britiah Went Africa . 


1 lO.WlO cwta. 


BritiMh W’ewt IndicM . 


90,700 

.f 


Brazil .... 


a3,90(i 

,, 


Venezuela . • . • 


09.500 

,, 


lX>minica .... 


40.500 

4 * 


Ecuador .... 


41,.31H) 


Went Africa (other than Brit iah) 


32,300 

*« 

Holland (1913) . . 

.lava .... 


4I,7(K} 

„ 


W'ewt Indies 


23,roti 

*4 


South America . 


2^.500 


Switserland (1913) . 

Brazil .... 


49,500 

,, 


(V)lombia .... 


27,900 



< >ther South American eountricft 


23,8110 



fVntral Ameri<‘a 


47.mK) 

,, 


Africa .... 


40,8(X> 

„ 

^stria-Hnngary (1913) . 

Britiah Weal Indiea . 


70.400 

.. 


Brazil .... 


12,700 



Fid iOermany 


10,000— 

dl.OOOcwt*. 


Switzerland 


10,000— 11, (XIOcwtii. 

Belgium (1913) 

80 [ler cent, of about cwU. Vid United Kingdom, 


Portugal, France, Oermany and 

Holland. 



Belgian Congo . 


19,500 cwt«. 

Spain (1913) 

Fernando Po . 


55,000 


Ecuador 


30,700 

*» 


Venezuela 

. 

SO^X) 

„ 


The statistics, next given, are interesting as showing the 
progress in the chocolate industry in Germany, Switaserland 
and other countries during the war. The German figures 
given are in marks, and, so far as that country’s industry is 
concerned,* they do not include A. G. Stollwerck or the 
private concerns which, unlike the corporations, are not 
compelled to give all data and figures concerning their 
profits, eto. 
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1 (a). Fifteen^/ the laf gent German cocoa a»4 chocol0le corporatioHS. 



1918. 

19n. 

1915. 

1914. 

Oroflu profits . 

. 17,390,460 

19,916,130 . 

28,782,368 . 

23,590,591 

Depreciaiiun. 

. 3,625,192 

3,128,564 . 

6,032,983 . 

4,041,475 

Net pm^t 

. 4,930,341 

7,482,431 . 

9,004,499 . 

6,680,830 

(h). Vigmrei in {a) including private conce&nM 

, approxLiiately. 

OiMfiH pntfitH . 

. 22,(KK),(MK> 

19,916,130 . 

— 

23,590,J91 

l^cpmnatKin . 

. 4,000.(KM» 

3,128,564 . 

— 

4,041,475 

Net p%fit 

(MKM),000 

7,422,431 . 

— 

6,680,830 

2. anti 

Condenu'd Mdk Compa xg 

Vevey, Stvitzerland. 

(iirUMM piY»fltH . , 

. K«,2:i0,(M)0 

(i7,0.30,tK)0 . 

46.498,800 . 

37,600,000 

J^prwiatUui . 

2,23(M>00 

2,070.(8)0 . 

2,051 ,000 . 

2,400,000 

Net profit 

, 30,800,1)00 

20,180,000 . 

16,402,481 . 

14,474,811 

nivideiulN, iicr cent. 

• 25 

25 

25 . 

2^ 


3. Veter, CaiW-r, Kohler, S.A. 



(iroMA ptv4t'< • 

. 42,780,214 

.38,147,701 . 

31, 500.4(g) . 

19,495,785 

IVprtv’itttion . 

1. 18)9,94 1 

1,833.7.36 . 

1,018,190 . 

811,075 

Net pn>fit 

. 9.296,83.'» 

6.616,818 . 

3,510,916 . 

2, .379,737 

DividendH, jw'r cent. 

22-0 fr. 

22-0 fr. 

16-9 fr. 

14 3 fr. 

• 

• 

4. A.d. Choeolate Tofder, Herne, Stvitzerlmid, 


Offnw pmfitA , 

, 2,9 1 .5,955 

2.169,687 . 

1,034,444 . 

958,734 

Deprecn^ion. 

37,495 

98,211 . 

221,946 . 

254,382 

Net pmftt .• 

1,418,739 

979,966 . 

585,(8)2 . 

298,020 

I)ividen<l8, pr cent 

6 12 

6-8 

6 6 

6-4 


A imv law, which still obtained in Germany in 1919, 
had reduced the taxes on sales by per cent., but the 
luxury tax had been increased 25 per cent. Honey cakes, 
confectionery, package <*hocolate, cocoa powder, chocolate 
substitutes and any cocoa preparation came under the 
luxury tax. A package of chocolate weighing, for example, 
100 grms., cost 3 marks 50 pfennigs, to which a luxury tax 
of one mark was added. The whole industry rose up in arms 
against this imposition, claiming that cocoa and chocolate 
were essentials and not luxuries. 





CHAPTER HI 

BOTANY AND NOMENCLATURE 

LiNNiKus. ill his (‘lassicul work of 1720, gave id the 
cacao* tree tlie dignitied name^ of ^'•Theobroma cacao, 
signifying cacao as “ Food of the Gods.” * In so doing, l\e 
was either actuated by a desire to give to the origiii of his 
favourite beverage an honourable and distinguished title, 
.or else he was influenced by a treatise imblished in 1G84 by 
Buchat, a f^rencb doctor, who described chocolate as an 
invent ion more worthy of being called food of the gods than 
nectar and ambrosia. 

It is probable, also, that tlie Mexican word for chocolate 
‘ chocolatl (suj)})osed to be derived from ” choco,” 
cacava, or * cacana ” = the fruit of the treth ” (piaca- 
hault,” and ” kill ” water), sujiplied him with the species 
designation. 

The genus Tlicobroftui is included among the Buettne- 
Tuicece, a tribe of the order Sterculiacew, of which some 
twenty species are known to occur in the wild state in 
Central and South America. 

Iheobroma cacao is the one, of the several species native 
to the tropical regions extending from Mexico to Brazil, 
which supplies a large jirojiortion of cacao beans for cocoa- 
and chocolate- making jmrposes, and which is chiefly 
cultivated for its good quality and yield. 

Among the most important species of the genus 
Theobroma are 1\ bicoJor, pentcupna, fiylvestru, ovatifolia^ 
and augiisHfolia, all said to be quite distinct from Theobroma 
cacao, 

Theobroma bicolor or ” Tiger cacao,” has been used in 

• Qireek Odd ; *» {cnmL 
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Nicaragua for ( 5 pnfBctfori«iy purposes, but# apparently, pure 
e&ting chocolAte has not been made from tie beans. The 
pods are hard and woody and show ten ribs, of which every 
alternate one is considerably more pronounced than. its 
neighbours. Xiie beans,* obtained torn this variety, are 
medium in size and, when cut, are quite white in colour. 
J. ^ones,* Curator of the Botanic Gardens, Dominica, 
submitted bulk sayiples of the beans to Messrs. J. S. Fry & 
Sons, Ltd*, liowntree & (?o., and Cadbury Bros., to be made 
fnto chocolate, and, from the reports returned by these 
manufacturers, it would appear that this variety is entirely 
unsuited for chocolate makhig and is of practically no 
commercial value. • 

On the other hand, the beans of Theohroma pentagona, 
or “ Alligator cacao,” received most favourable reports 
from ftvo 0 ^ these chocolate manufacturers, whilst the third 
doubted whether the peculiar taste, different from the usual 
variety, ^w)uld meet with approval from the English public. 
T, pentagona was brought to Trinidad by Hart in 1893, from 
Nicaragua, and the slioots were grafted to the Forastero 
stock then in cultivation in the island. The pods i)ossess* 
five distinct ribs and are thin-shelled. The beans are large 
and, when cu4 across, are mostly white. This cacao was 
thought to be of excellent quality and to contain a higher 
percentage of fat than T. cacao. Messrs. Cadbury Bros, 
report the beans to be ” bold and of good colour ” when 
roasted, but not suitable for making drinking cocoa omng to 
lack of strength. 

The recent publications of Johnson and Hart do not 
throw any further light on the exploitation of cacaos other 
than those mentioned. Indeed, the former states ” at 
pi^ent only tthtee species are known to yield beans of 
commercial value ; these are Theohroma cacao L., T. penta- 
gona Bern, and T. sphwrocarpa Chev.** The former writer 

* J. JooM. IT. L ButUHn, 1910, x., 337. 
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does not meiitio/i V, sphcerocarjxij but he states of T. petUa- 
gonu Bern, that “ it promises to become a favourite with 
West Indian planters owing to the large size of its beans.” 
It* is probable, from experiments ^that were eompIetcRl in 
lOll, that a grafting* on to T. cacao will renult in a very 
satfsfaetorv cacao. * 

No one seems to have a good word for T. bicolor, (*ailed 
“ Tiger cacao ” from the rank sinell oi its seeds. This 
variety is not even in general use among the natives of^ 
Veragua, Tnited States of Colombia, where it is indig^j^ious, 
though it is said to be used for some purposes by the Indians. 

It must be realised that the* cacao of the West Indies, as 
indeed of iflost countries, consists of a heterogAieous 
mixture of cross-bred varieties of 7\ cacao. Generally 
speaking, it is difficult to say where one form begins and 
another ends. The variety of names given to •Tlieobronia 
cacao, growing in different (dimates and soils, must not be 
considered as constituting different “species,” btlt rather 
“ varieties,” arising from seed selection, cross-breeding and 
nat^iral caus(^s. 

The botanical dt‘>(!ription of the genus Thcohroma, as 
given in (TrisebaclCs “ Flora of the British W. Indies,” is as 
follows * 

” Calyx 5-partite, coloured. Petals 5 ; limb cucullate, 
with a terminal ; spathulate appendage. Column 10 — fid, 
fertile lobes, bi-antheriferous ; anthers bilocular. Style 5 — 
fid- Fruit saccate, .5-celled ; cells ])ulpy, polys perinous, 
Embr 3 ^o ex-albuminous ; cotyledons fleshy, corrugate. 
Trees ; leaves entire ; pedicals fascicled or solitary, lateral.” 

The cultivated tree, Theobrotna cacao, grows to a height 
of 25 feet, though it has been met with as high as 40 feet. 
In Trinidad, the tree averages about 15 to 20 feet in height, 
the lateral diameter of the branches being about the same 
measurement.* 


• J. H- H*rt. ** Cik:«o, etc./* Wll. 
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The flowers of file cacao free are small and, m a 
manner similar to those of mafty other tropical treeSf are 
carried on the main stem of the branches and on the trunk, 
singly or in clusters. The blossoms, though of a bright red hue, 
are quite insignificant, and, in due season, they are succeeded 
*by pods of an angular cucumber shape, at first green, **but 
bd’oming yellow and red on ripening. 

The period elapsing between “ setting ” and “ ripening ’* 
is about*four months. 

!fhe fruit })ods, hanging away from the leaves and in 
singularly isolated positions on the main and strongest parts 
of the tree, present a curious sj)ectacle to agriculturists of 
temjt^rate climes, though in the tro))ics it is nof an uncommon 
sight among trees bearing heavy fruit (Plate I.). It is 
[)robable that such an arrangement of flower and fruit has 
been i)roduced from the necessity of securing for small 
flowers j)rominent positions for their better detection and 
fertilisa^on by insects, and of i)roviding strong supports 
on which heavy fruit could ripen and provide seed for the 
perpetuation of its kind. 

The trees })roduce leaves, flowers and fruit throughout 
every month, and, in the West Indies, the crop is gathered 
twice in the* year, the first time in May or June, the second 
in November or December. 

The fruit, when ripe, is of a rich golden-red colour. 
Within an outer shell, of about half-an-inoh thickness, is 
contained a sweetish pulp, enclosing twenty to forty almcpd- 
shaped seeds which, when fermented, finished and dried, 
represent the cacao be^ns of commerce. 

Opinion is considerably divided as to liow the varie- 
ties of cultivated cacao should be classified, but, though 
in the maill all systems are based upom the appear- 
ance of the beans, there are certain botanical differences 
wbich enable a closer system of classification to be 
established. 
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J. H. Hart,Jrt his treatise ott “ Caca<f,’* makes the 
following divisions of the varieties cultivated in Trinidad : - 

. Class I. : Criollo — line ; thin-skinned. 

(1) Variety (a) (yellow). ^ 

(2) ,, {h) Colorado (red). 

Class II. : Foraslero — thick-skinned. 

(rS) Variety {a) Cundeanwr veruqosa amarillo. 

(4) ,, (h) Cundeaf!tor venujosa coloriuh, 

(5) ,, (r) Ordinary anuirillo, 

(6) {(1) Ordinary Colorado^ 

( 7 ) ,, (e) Avtalonado nmnrilh, 

M (J) Anwlonado Colorado, 

Class IJl. : Calahacillo — small-podded; thick, smooth- 
skinned ; fiat-beaned. 

(^♦) Variety (n) Amarillo, 

( 10 ) ,, {b) Colorado, 

Tliough other systems of classitication divide thtfvaneties 
into more or fewer classes, among the latter being Sir Daniel 
Mofris’s ♦ method of including Calabacillo under Forastero, 
all existing cultivated cacaos can be included under one of 
the three headings given by Hart, with the possible exception 
of 2\ pefitagofia, 

Criollo cacao trees are not so sturdy and do not produce 
such regular crops as those of tlie two latter (dasses. The 
shells of the pods are soft and relatively thin. The bean, 
fresh from a Criollo pod, of either red or yellow variety, 
is quite rounded and, when cut, shows a white, or nearly 
white, interior, which is not so bitter or harsh to the palate 
as that of the Forastero which in turn is less harsh than 
Calabacillo varieties. The shells of beans of Criollo cacao 
are thinner Aan those of either of the other varieties. 

From Criollo cacaos are obtained the hnest beans for 
chocolate and cocoa making, those of Java and Ceylon 

^n. JConii ** C«(C*o : How to Qtow and How to CJu*© H.” 
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being characteristic’ of* this class. C. f. J. van Hall says 
‘‘ Venezuela Criollo may be •considered as the typical 
Criollo,*’ and he bears out Preuss’ statement that Criollo 
ca(mo does not include ‘‘ Trinitario ” or “ Carupano,” which 
are Venezuelun names for Forastero.” Besides Java and 
* Ceylon, van Hall mentions Samoa, Madagascar • and 
Nicaragua as also i)roviding cacaos of this variety, and 
another sub-variety, the “ Porcelaine,’’ to be found in Java, 
is identitied as possessing A very thin and easily cut fruit- 
wali, with a smooth surface and insignificant ridges that give 
it a strong resemblance to “ Amelonado,” a Forastero 
sub-variety. Caracas or Mainland cacao is usually placed 
in tlie Criollo class, though some of the* lower quality 
“ t'aracas ” is, undoubtedly, of Forastero origin. 

J\)ru stern cacaos, which include some of the Venezuelan 
and certarin strains of (.^aracas varieties, are distinguished 
by the })ale j)urple interior of their beans when cut fiesh 
from the j)od. The shell of the pod is relatively hard and 
thick and bears deeper and more pronounced channels, 
running the length of the pod, than either Criollo or Ca^aba- 
cillo cacaos, thus making the cross-section of the pod 
star-shai)ed. Van Hall states that while the countries 
where true Criollo is to be found are only few, the Forastero 
is gi'own in all the cacao-growing countries, either together 
with Criollo (Venezuela, Java, Ceylon, Nicaragua, Samoa, 
Madagascar), or alone in different sub-varieties (Ecuador, 
San Thome, Trinidad, Gold Coast, Surinam, Antilles, etc.), 
and while Criollo is very uniform, having, aside from local 
types, only two varieties, the true Criollo and the unimpor- 
tant ‘ Porcelaine,’ Forastero is a collective name for a 
great number of sub-varieties.” 

Calabacillo (^caos, which Sir Daniel Mofris, the Com- 
missioner of Agriculture for the West Indies, includes undei 
the class-heading of Forastero, are formed into a separate 

C. J, J. v«B UaU, ** Cocoa." 1914. 
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division by Hart.^ ffhe Calabacitio i», a^cordi^ to van Hall, 
the lowest Forastero variety, and that writer agrees with 
Morris in his classification. The same author states that 
the" planter avoids using Calabacillo seeds, knowing thatdthe 
quality is very poor and that it ferments slowk^". The tree 
of this variety is the strongest grower and hardiest of all 
and is chosen by planters for growing on very poor soil ajid 
under climatic conditions unsuitable for finer and more 
delicate cacaos. The pod'^ of Calabacillo are small,, smcaHh 
and very much more rounded than those of either (Viollo 
or Forastero cacaos. The beans are Hat and have a bitter 
and astringent taste*, characteristics which are tyj)ical of 
Iwmns of inferfbr quality and low market value. 

The reader, interested further in the botany and nomen- 
clature of cacao, (annot do better than consult the two 
excellent works of van Hall and Hart, to whiclv reference 
has already been fre<[uently made. Both books are volu- 
minous and detailed and are the works of exj)erts <n chiti- 
vation. It is considered that sufficient information has 
beeri provided to enable the reader to look upoji cacao 
beans, as they come into the market, with more than passing 
interest, though it is impossible here to give further details 
for their identification without encroaching Oti the space 
to be devoted to the sribsequent manufacture of cocoa and 
chocolate products — the object of the present work. 



CHAPTER IV 

THE AORIEUETTTEE OF OAOAO 

A. Selection of Site, Soil, Manure, Seed. 

The •cacao planter, in common with his brethren, the 
frui^ iarmer and the agriculturist of every clime, must be 
a man of considerable observation and determination,* for 
the successful culture of his* crop is largely dependent upon 
an ihtimate knowledge of the natural concfitions existing 
in the jilace selected for his plantation and upon the pluck 
with^ which he fa<*es the jiossible destruction of his trees by 
disease oriy the “ act of (lod,” more to be feared in tropical 
than in temperate regions. 

Scieftce, wlii(‘h of recent years has been directed more 
and more to agriculture, has proved a useful asset to the 
cacao planter, helping both his “ observation,’* by giying 
reasons for observed phenomena, and his “ determination,” 
by putting into his hands weapons with which to combat 
disease. * 

In these days of severe competition, it is most necessary 
that the planter should possess modern scientific knowledge 
of soil values and such other items of agricultural chemistry 
as concern the improvement in quantity and quality of his 
crop. 

In this and the following chapter, though it is impossijble 
to deal fully with these questions of much ecotiomic import* 
once to the cultivator, chocolate-maker and public idike, 
an attempt lias been made to show how thfe quality and 
yield of cacao beans may be influenced by the natuial 
conditions of soil, climate and kind, by the application of 

• Fill* “ VillimA Letten,*' by R. L. Sltmiaon, Deoember 1891. 
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^ientific meth<>d%to the calttire of the cat^ao tree and hy 
the. proceeses rendering beans fit for consumption. 

The details of the agriculture of cacao have been taken 
largely from Hart’s work, to which reference has already 
been made, supplemented and ♦brought jup-to-date by 
information supplied by personal friends, engaged in caci^ 
planting, and by the recent researches to be found in current 
journals issued by the Boards of Agriculture of Ce;^lon» 
Trinidad and other cacao-producifig countries. 

Selection of Site . — ^The best results will be obtained on a 
good loamy soil of reasonable depth, with a moderate atnount 
of lime and sand present, situated in a district where the 
seasonal Huciuations of temperature do not exceed thg limits 
of 09" to 89° F. 

A deposit of decaying vegetable matter, such as would 
be found on former forest soil, resulting from the 4all of 
leaves and branches, is, of course, of great value, as a natural 
dressing of this sort would contain nitrogenous pjanW foods 
in a readily assimilable form and would constitute a fine 
manure for a land where the subsoil did not show, on analysis, 
a 'sufficient wealth of plant nourishment. 

Good drainage is most essential for the successful 
cultivation of cacao, as, thereby, the withdrawal of surplus 
and stagnant waters, both detrimental to cacao plantations, 
is assured. 

The presence of salt (sodium chloride) in a soil is deadly 
to cacao, so that ail situations likely to be affected by tidal 
waters should be avoided. On the other hand, plantations 
situated high above the sea-level are not economical, owing 
to the lower temperature experienc/ed at the higher elevation. 

J, H. Hart ♦ admirably sums up the qualities necessary 
for a perf^t cacao plantation site as follows : An ideal 
spot on which to found a cacao plantation is a well-shelterei 
vale, covered with large trees, protected by mountain spirts 

• J. H. mrnit,** fkxMor isoo. i. 
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from the prevailing •winds* well watered, and yet well 
drained, with a good depth of alluvial soil,* on which rests 
a thick deposit of decayed vegetable matter, easy of access, 
and jn a district distant from lagoons or marshes, for .the 
sake of the pij)prietor’s liealth. Such a spot in a climate 
similar to that of Trinidad could not fail to produce regular 
crons of the finest quality of cacao.” (Plate II.) 

fielection of Soil . — Close observation of a large number 
of analyses of soils, suitable and unsuitable for the proper 
growth of the (‘a cad tree, made by Professor Harrison in the 
Government laboratories of British Guiana, by Mr. Carmody, 
Government Analyst of Trinidad, and others, has led to the 
genend conclusion that nitrogen, potassium salts, ])hosphoric 
anhydride and lime are absolutely essential to soils for cacao 
cultivation, whilst excess or deficiency of silica and silicates 
is detriment ah 

The percentages of silica and silicates i)resent are chiefly 
of import j^nce owing to the effect which sand or silica has 
upon the mechanical state of the soil. Too great a quantity 
means too light a soil, with too small a [)ro{)ortion of other 
useful com])onents ; a small percentage of sand and silfca 
indicates a heavy clayey soil. Analyses by the lirst exi)eri- 
menter show that good soils contain nitrogen from 0-1 to 
0*809 ])er cent. ; potassium oxide from 0-118 to 1-072 })er 
cent. ; phosphoric anhydride from 0-044 to 0-298 per cent, ; 
lime from 0-35G to 4-981 per cent. 

Poor soils contain nitrogen from 0-057 to 0-265 per cent, 
(usually about 0-1 per cent.) ; potassium oxide 0-029 to 
0-109 per cent. ; phosjdioric anhydride from 0-002 to 0-157 
per cent, (usually about 0*05 i)er cent.) ; lime from 
merest traces to 0-5 per cent, (in one isolated case 4-787 
per cent.). • 

The suggestion that these four components of the soil 
are of the greatest importance is verified not only by our 
knowledge of plant foods in general, but also by th^ analyses 
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of the cacao tree, shoote, leaves and friut, made by Marcano 
who estimated that an ac#e of twenty-year-old trees would 
contain 201 lbs. of nitrogen, 95 lbs. of phosphoric anhydride, 
251. lbs. of potash, and 400 lbs. of lime. 

These hgures roughly show Ihe eom|>e8ition of the 
existing tree and, obviously, do not represent speiMtif 
amounts of components annually or occasionally exiraated 
from the soil, but they clearly dernonstrikte tlie lu'ed of the 
existence of tliese four components, if good and regular 
growth is to be made the trees. 

Chemical analysis of a soil alone is of little use to the 
agriculturist, for it is (juite ])(3ssible for land to possess all 
tlie ingredieifts re(iuisite for the growth of any ])areicular 
plant and yet to be totally unsuited for its successful <‘ulture. 
The ])lant nourislunent may be in a form unsuitable for 
root absor]»tion, or, again, the mechanical naturivof the soil 
may prevent the valuable j>art of the components from being 
properly assimilated. • * 

It is necessaiy, therefore, for the intending cultivator of 
cacao to take into consideration many other conditions of 
great imjKutance, apart from the chemical composition and 
mechanical state of the soil, such as natural drainage of the 
land, situation of the plantation with regard* to light, air 
and winds, taken with which chemical analysis of the soil 
should be a most useful guide and added factor in d(*ter- 
mining the suitability of the land for cacao cultivation. 

Seleciian of Manure*- - When the mechanical condition 
of the land is unsuitable, or, from chemical analysis, it is 
found that one or other of the necessary .components is 
lacking, a deticiency which will be evidenced by slow and 
retarde<l growth of the tree, production of few' leaves, 
premature falling of the crop, disease or blight, it will be 
necessary to make use of manures to correct and adjust ihe 
prevailing conditions. 

M*rcMio. iSnafti d'AgrcMiomte Troftiraic.'* 



42 


XJOtMA AND CHOCOLATE 


It is impose ble to teach in writing those manures that 
should be used and how they should be applied, for there are 
many schools of thought, each claiming their suggestions of 
kind^and application to be the most efficient. . * 

Of chemictll manures there is no end, but, of all manures 
tnown, the normal })roduct of the farmyard is the ont? in 
which tlie cultivator ])laces most reliance. The excreta 
from horses (contain approximately 25 per cent, of solids, 
of which* 3*5 i)er cent, are potash and soda, 0-4 per cent, 
phosphoric anhydride, and 0*6 per cent, nitrogen. Such a 
manure, thoroughly blended with soil before the seed is 
planted and applied at the rate of 20 to 80 tons ])er acre, 
make?! an admirable all-round dressing for cacao. As ii^ is 
probable that such a quantity of stable manure would not 
be easily obtainable for a ])lantaiion of large acreage, the 
judicious admixture of nitrate of soda, bone-ash super- 
phosphate, or dried blood, would enable the planter to 
reduce ptoportionally the quantity of natural manure. 

Nitrate of soda has a tendency to cause a luxuriance of 
foliage ; it also causes plants to grow thicker and to mature 
earlier. It is most suited to clay soils, but, owing to its 
solubility in water, it cannot be economically apj)lied before 
the crop is sown. 

Bone-ash superphosphate is also suited to clay soils 
and is intended to promote early maturity of crops. 

Dried blood is most beneficial on light soils and, applied 
in fine powder, at the rate of thirty to fifty bushels per acre, 
proves a most valuable manure for cacao trees. 

Manures, applied when the trees are in full growth, 
should be carefully pricked into the soil about the roots, 
the greatest care being taken not to injure the branching 
roots in any way, a precaution which cannot b^ too carefully 
observed. 

The injury to the roots and the wounding of any other 
part of a growing tree allow access of fungi and^wood para^ 
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sites and affprd a means of escape to *the stimulating 
juices which convey ncftirishment to every part of the 
tree- All injuries should be attended with the greatest 
dare, and a prompt dressing of t^r and clay applied ‘to the 
wounds. 

An interesting list of manures, which have proved success- 
ful in cacao culture, is given by Wright,^ from whoiifi the 
following [mrticulars have been t|iken 


Country. 

Trinidad 
**St. Lucia 

• y 

Grenada 

f 

Dominica 

»» 

Ceylon . 


Nature of mixture. 

Basic slag, 4 ewts. per acre. 

Sulphate of« potash, 1 cwt . per acre. 

(1) Basic slag, H cwts. per acre. 

Sul|)ha<e of ammonia, 1 cwt. per aero. 

(2) Basic slag, 4 cwts. per acre. 

Stable manure, 8 tons per acre? 
Sul|)hate of ammonia. 1 cwt. per acre. 

(1) Basic slag, 8 cwts. per aert^. • 
Sulphate of tumnonia, l^cwts. per acre. 

(2) Basic slag, 8 cwts. j)er acre. 

Sulphate of potash, 1 cwt. per acre. 

(1) ’ Mulching with grass and leaves. 

(2) Basie slag, 4 cwts. per -acre. 

Sulj»hate of potash, IJ cwts. per acre. 
Dried blood, 4 cwts. per acre. 

(1) Lime and organic matter; the latter 

either as leaves or cattle manure* 

(2) Basic slag, 5 cw'ts. 

Ammonium sulphate, 200 lbs, 

(B) Manures rich in readily soluble nitrogen 
and potash. 


CockraR f gives the following blends of artificial manures 


• H. Wright, “ Cocon,’' 1907. ISO. 

t M. Cookimii. ** Rrpoit of An*ly«k of the Comft Tnat PUiiim* AiMOcjAUoii of 
OryUmr tm, U. 
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as BuitabJe for application to sons lound to*be lacking in one 
or other of tiie necessary components : — 


I. Per acjp. 


c 

Superphosphate of lime, 36 per cent, soluble . 
‘Sulphate of potash, 50 j)er cent, polasli . 

182 lbs. 
120 „• 

Nferate of soda ...... 

237 „ 

(Or sulphate oi^ammmiia, 186) 


11. 


Bone meal . • . 

300 „ 

Sulphate of jKitasli . * . 

120 

Castor cake . . . . . . t . 

400 „ 

111. 


Thohias’sj»hosj)liale powder . 

300 „ 

Sulphate of poUi«h 

120 ,, 

Casftor (vike ....... 

570 , 

JV. 


Thomas’s phosphate pcnvder 

360 „• 

Sulphate of potasli ..... 

120 

Blood meal % 

300 

V. 


Pish manure 

500 „ 

Bone meal 

200 

Sulphate of imtash . . . . . 

120 „ 

VI. 


Nitrate of soda 

119 

(Or sulphate of ammonia, 93) 

Blood meal , . . , . . * 

100 

(Or castor cake, 200) 

Bone meal 

150 „ 

Sulphate of potash 

• 120 ,, 
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The work of Dunloj) • aud Jones, t in Bominiea, on the 
increased yield per acre o^cacao and the subsequent linancial 
advantages of the use of manures, is most thorough. It ia 

Table VI. — Mam Senes. {Jonfs, Dominica.) Yield for 
Seventeen Years, I'.fOO — 17. 


I .riot I 

I 

! 

i inaiinre 


IVr iNr 
plot ai re 


IIHIO J ( 

:i ( 

Ihs 

III. 

i \\ et nil au . 
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2.711 

i (- timl eai ao 

; 
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1 Wet rai'ao 

.■,4M 

1.9%rt 
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KiJ 

* 1004 :> 



Wet rarao 

(\ 7 .\ 

2,401 

: ( tired ('ai ao 


1.009 

100.', A 

Wet rarao 

74M 

2,rt72 

t'lired rarao 


1.122 

i lOOd - 7 

, Wet rarao 

7.«» 

2.A07 

i (‘ured rarao 


1 

1 1007 « 


IKI.I 


C3red ra« ao 

l.:i.‘.4 

lOOd 0 

i Met cacao 

Si7m 

3.492 

i {'tired rarao 


1.467 

1000 to 

j M ct mean 

K4M 

3.029 

Cured cacao 


1.272 

1910 U 

1 W’at rarao 

h:,u 

3.067 

1 Cured cacao . 

— 

1 1 . 28 m i 

1 1911-12 1 

Wet rarao 

tt04 

' 2.871 ' 

faired mrao . 


' 1.2«M t 


Wei rarao 

8W2 

3.186 

Cured meao . 


1 1,.318 

! 

191.1 ~ 14. 


1 Wei cacao 

67« 

1 2.422 

C'ured cacao 

_ - 

f 1.017 ! 

1914 ir». ! 

Wet cacao 

779 

1 2,782 : 

Cured cacao 


1 1.168 ^ 

ms—lfl. 


Wet cacao 

71.-. 

2,.'>.'»4 1 

Cured cacao . 



1,073 J 

191*^-17 


Wet cacao . 

S41 

3.361 ! 

Ooied cacao . 


1.412 1 


riot 2. 

Plot .3. 

IMioephatr 

nod 

IMjtanh 

a 

Itrlnl l.lofMl 

Per 

plot 

IVr 

Ml re 

Per 

plot. 

Per 

B«-re 

lOs 

l.tKV.i 

No 

IPs 

.1,666 

1.540 

rvionlK 

IIm, 

1.281 

a CM' 
IPs 

3, 588 
1,494 

MOM 

1 2,7M6 

1 1.170 

1 97tJ 

! 

2.694 

1.131 

814 

2.H01 

1,179 

970 

2.694 

1.131 

761 

2,6.11 

i,io:, 

1,0.56 

2.9.33 

1.232 

MH7 

3.0 %9 
l,28,-» 

972 

2.7<M> 

1.134 

1,160 

4.<8Ni 

1.6H0 

1,381 

.3,8.36 

1.611 

1.20.*, 

4.1.'..'-, 

1.74.*, 

5,377 

3.825 

1,607 

1*6.3 

3.321 

1 .39:, 

1,167 

3.241 

l,:t«t 

1 ,(W»7 

3.78.3 

K.^HU 

1,289 

3,581 

1,504 

1.012 

.3.41K1 

1 1,466 

1.272 

3,533 

1,484 

1.088 

3.7.52 

1..576 

l,.512 

4.2t8l 

1,764 

88.» 

.3,t).",0 

1,281 

1,133 

3,147 

1 ,322 

1,049 

3,617 

1.519 

1.366 

3,794 

1,.593 

l.UU 

3,827 

1,607 

1,298 

8.607 

1,514 

1,285 

1 

4,431 

1.861 

1,497 

4,158 

1,7441 


Plot 4 

Pl«^5 

l*rled PkMxl. 
pPoMphuie 
and i>otaah 

Mitirlied ! 

*< with graa* 
and lea \ CM * j 

Per 

plot 

Per 

ttiTe 

Per 

plot. 

Per ' 
arte 1 

kept 

Him 

1,104 

ntM. 

3.807 

1.599 

• 

Him 

..u:, 

Ills 

.3.09.5 : 
1,318) ! 

738 

Hoow 

1*62 

-• 

2.600 

1.092 

971* 

3.376 

1,418 

1,279 

: 3.457 ; 

: 1.450 

1,040 

.3.fi86 
1,.V*6 * 

1,51» 

1 4,105 
; 1.724 1 

1.<8I9 

3.479 

1,461 

1.536 

* 4,151 
1.743 : 

1,180 

4,069 

1.7t»9 

1,773 

1 4.792 j 

1 2,012 , 

1,344 

4,034 

1,946 

1,777 

4,803 ■ 
2,017 i 

1.267 

•4,369 

1.835 

1.822 

4.024 J 
2,068 

1.297 

4.473 

1.879 

1,890 

5.107 
2,145 1 

1,272 

4. .387 
1.842 

1,721 

4.6.51 1 
1,958 j 

1,314 

4,531 

1,903 

2,1*01 

5,408 , 
2,271 1 

1.1(*4 

3,807 

1,.51*9 

1.509 

4,078 ! 
i.7l8 j 

1,13.3 

3,907 

1,641 

1.715 

4,635 1 
1,947 

1,069 

3,686 

1,.548 

1,474 

8.064 1 
1,67* i 

1.486 

5,124 

2,152 

1,772 

4,769 1 
2,011 


• W. R. Dunlop, H'esi Indian Bulletin, xvi., 2, 121 et teq. 

t J. Jonet. Weut Indian Bulletin, xvi., 4. 324 et seq. Also Ueport, 1316—17, 

Agriculttml tlepartment, Dominioa. 
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not intended to* give full details of the experiments made, 
but, owing to the huge increase introduction brought about 
by the use of suitable manures, and, in view of the fact that 
the }A*esent work may reach the hands of those interested 
in this subject of such great economic importance, Tables VL 
atid VIL have been included here as most striking exami)4es 
of t||e application of science to agriculture. 


Table VIl. — (Jo/tc.v, Dominica.) Avermfc Annual Return 
^ for Fifteen Years. 



! 

1 



Cnred 

Increase 
over nO' 


L 

wei caoio. 

g cacao 

manure 

>0. 

r MamiriNl treatment. 




plot. 


i 

Per plot. 

Per acre. 

]*er acre. 

Per cent. 


4) 

lbf>. 

Urn. 

11)6. 

ll>s. 

1 

No manure ..... 

790 

2,821 

1,1 85 

— 

2 

- 3 

Phoaphftte and potawii . 

Driea blood .... 

• Dri^ blood, phosphate ttnd pctaah . 
Mulched with grans and leaven . 

1,013 

1.23« 

3,493 

3,433 

1,467 

1,442 

238 

21-7 

i 

[,m 

3,98« 

1,674 

1 41-3 

r> 

1,590 

4,297 

1,805 

.52-3 

6 

Mulched with j^asa and leaven 

1,250 

5,(KK) 

2, UK) 

77-2 

7 

1 O/otton-seed meal .... 

! i.om) 

4,200 

1,764 

48-8 

8 

j No manure 

, 920 

2,222 

933 


0 

i 

Mulched with groaa and IcavcH 

1 1,516 

4,062 

1,706 

82-0 


The abovS table gives the average annual return of 
wet and dried cacao, in pounds, for fifteen years in the case 
of the first five plots, and for nine years in the case of 
plots six to nine. The last column shows the percentage 
increase of each plot over that without manurial treatment. 

Selecti4>n of Seed . — Having briefly dealt with the sites, 
soils and manures most suited to cacao plantations, there 
remains the very important consideration of seed selection. 

Cacao seeds possess but little vitality and readily 
succumb to dry and to alternations of periods of damp 
and dry weather, and they are, therefore, not easily sent to 
.distant parts so as to be in a fit condition for germination at 
the end of the journey. 
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The planter slnald choose large seeds frem ripe pods of 
trees M’hich regularly produce the finest quality of beans. 
By these means, if the trees do not grow too close to others 
of inferior quality to run the risk of cross-fertilisation, the 
planter is more assured of a good, even, all-raund crop. 

• The selection of the variety, Criollo, Forastert>, ift 
Calabacillo, must depend upon the soil and climatic cqiidi- 
tions prevailing at the })lace chosen for the plantation. 

From Criollo cacao are obtained the finest .beans for 
flavour, but the tree is not so hardy as the inferior-ljeaned 
Calabacillo, whiidi produc/es, also, a larger ^.n>p. If the soil 
pf the plantation is poor, Cafabacillo cacao will thrive the 
best, while tile Fora.stero variety, occupying the intermediate 
position, will grow well in soils and climates where any cacao 
may be reasonably ^xpefded to flourish. Hart has recom- 
mended the grafting of the finer quality Criollo to the hardier 
Calabacillo cacao, thereby obtaining the advantages of 
both varieties, and the additional benefit of being sure of 
securing a continual and even crop of the variety selected, 
w^ich, by reason of |)os8ible croHs-fertilisation of the flowers 
of the mother tree, is denied to trees grown from seed. 

As in the last cha[)ter, the works of van Hall and Hart 
are recommended to the reader interested in the agriculture 
of cacao. Both van Hall and Hart have had considerable 
experience in cacao cultivation, the former being now' 
Director of the Institute for Plant Diseases and Culture in 
Java, whilst the latter, for many years in Trinidad, died in 
1911 when holding the fK)sition of Superintendent of the 
Royal Botanical Gardens, Trinidad. 



CHAPTER V 

THE A(JRICULTURE OF CAOAO 
R. Planting, Diseases, Pruning, Picking. 

J^lanting. 

The stH‘d selected and the land })repared, it remains for 
the pfcinter to decide whether he will place the seed direct 
into the land, when the position which the tree will take up 
will be j)(^rnianent., or rear the seedlihgs in a nursery, till 
their size and strength fit them to be transplanted to the 
open plantation. 

In the former case, the seeds are carefully placed int o the 
loosely broken ground about 1 inch deep and 6 inches apart, 
in the form of a triangle, and a little light earth is sprinted 
over them and is gently trodden down with the foot. Each 
triangle is placed about 12 feet apart. 

As the trees grow, the weaklings are weeded out, rhaking 
more room for the stronger-growing shoot to develop. It is 
a general rule that the higher the elevation of the plantation 
and the poorer the soil the nearer may the trees be allowed 
to grow, a distance ranging from 12 to 15 feet each way 
probably meeting all requirements. 

It must be realised that no definite rule can be laid down 
for planting or for any other of the operations of the planter, 
which are necessarily only to be learnt by experience, but, 
for a mental picture of a plantation, the descriptions here 
given will serve. 

• In planting in nurseries, the same system of sowing is 
employed, but added facility for individual and personid 
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inspection is affonded. In the nursery, tha seedlings are 
tended until some 2 feet iiWieight, care being taken that no 
direct heat from the sun shall fall on the {dants, a danger 
which is prevented, both in the nursery and in the tpon 
plantation, by shelters, either of all art iiiciai nature or of 
trees which afford plenty of shade. 

In Grenada and other hilly districts, the formation of |he 
land is used to advantage for providing y^ie ne(*t*sHary pi*o- 
tection from the sun and wind, and.*in these places, no tiws 
are grown, nor artificial structures erected, for that purj)osf‘. 

In the lower lands of Trinidad, open to^the unchecked 
influence of the elements, ])rott*clions from both wind and 
sun are erectt^l and grown, shelters from the former feeing 
usually built outside the plantation, whilst shady trees are 
grown in rows side by side with the ca<‘ao. That protection 
from tin* sun is considered not only desirable but esselitial 
for the successful culture of cacao finds further proof in the 
fact that Uie principal and larger trees selected ar<^ usftally 
those providing the greatest shade and are seldom, if ever, 
of economic value. 

^arietifm of Eiydlirinas known as “ Bois Iinmortel,” or 
** Madre de Cacao (“ Mother of Cocoa ”), to use tlio 
Spanish name, leguminous plants of dense shade? (Plate IIL), 
are most generally employed in Trinidad, and, though from 
the nature of the plant thej^ probably aid in accumulating 
nitrogen in the soil around the roots, their timber is quite 
useless, even for fuel, and the boughs of the tree have the 
unfortunate characteristic of falling in wet and windy 
weather, with probable injury to the cacao growing beneath. 

Cacao has been successfully cultivated in Grenada 
without shade, and the planters consider shade-trees botji 
unnecessary- and hannful. Some planters of Jamaica are 
of the fame opinion, and van Hall has stated that in Surinam, 
ihou^ the rainy season is followed by very dry months, 
cacao eoul4 be grovv-n successfully without sbade^trees, if 
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the plantation were properly conducted.^ Opinion differs 
on this matter, though the Trinidad planters speak of the 
necessity of shade-trees in no uncertain voice. Permanent 
sh^e-trees for cacao are generally considered necessary in 
Central America, Ceylon, Trinidad, Fiji, Tobago, British 
• Honduras, Samoa and the whole of West Africa, including 
S^n Thome. 

There are m^ny other trees besides those mentioned, 
grown for the purpose of providing shade and especially 
favoured in different districts, among the smaller plants 
being Zea ma/s, castor oil, cassava and banana or plantain, 
each of which provides seed,* fruit or root of some commercial 
impf)rtance. • 

It is noticeable, however, that, until the rubber plant 
came into such prominence, the larger trees used for shading 
cacao were of little or no economic value. The Heveas, from 
which Para rubber is obtained, are now largely used for shade 
an(J, though comparatively slow growing, yield a produce of 
equal, if not greater, value than the cacao trees they shelter. 

Appended is a list of shade-trees commonly usgd in 
cacao-producing countries * : — Adenanthera pavoninay Albiz^ 
zia mobwcanaf A, Lebbekf A* odoratissima, A, stipulata, 
EryOirina Uthospemia, E, umbrosay E, hidicay J5. ovalijolia 
E, velutina, Artocarpus integrifoliay A, mbilisy Cassia Siamea, 
Cas^iarina equisetijoliay Eugenia Jambos (Janibo)y FUicium 
dedpieuSy Melia dubiay Mesua /errea, Piihecolobium Samariy 
CasiUha dasticuy Manihot Glazioviiy Hevea brasUiendSy 
Gliricidia maculatay Pterocarpus vndicuSy P. marsupiuniy 
Vaieria acuminatay Acacia pycnanthay Cedrela serrata, G. 
Toonay Eucalyptus hmoxyhny E. marginata, Gremllea robustay 
Michdia Champacay Myristica laurijoliay Azadirachia indica, 
Pekaphorm^ Sicieienia macrophyliay Tamarindus 

indica, Thespesia populneuy and others. 

VUe H: Wright in ** Cocoa,” 1907 ; C. J. J. Tan Hall in *’ Cocoa,'* 19U j 

Htaiciilfyr Hart, ** Cacao, ate.,** 1911 ; W. J, .lohnaon, “ Cbooa. rtf,,** 1911 
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Other plantH, 'svWlch, whilst providing a ceHiain amount 
of shade, are grown for theit commercial value as inter- or 
catch-crops between the cacao trees, are lemon grass, citron- 
elia,* cotton, ground-nuts, cassava, ch^lies, pepper, bananas, 
yams, coffee, tobacco, rubber, tea, camphor and coconuts. 

Diseases. 

A matter of no small importance to be considered in 
selecting shade-trees is their immunity from (^isease. 

As a general rule it may be sjated that the cacao tree is 
not subject to the attack of parasitic fungi, but ill-drainage 
of the land or close proximity to other trees affected with 
fungoid disease may speedily bring about an epidemic in 
the plantation. 

“ Canker ” and “ Black rot ” are the two most deadly 
diseases to which cacao is prone. The former, probably tl)e 
most widely spread cacao disease, is due to a fungus allied 
♦to Nectria, which attacks the bark of cacao and other trees, 
and which has now been named Bainii, This 

disease has been observed in Antilles, Surinam, Kamerun, 
Ceylon and Java. The investigations of Rorer,* i|i Trinidad, 
and of Fetch, t in Ceylon, have shown that “ canker ” is due 
to Phytophthom Faheriy which is also often given as the cause 
x)f the “ black rot ” of cacao pods. Experts again differ 
on this question of identification, the main difficulty arising 
from the fact that, though it would appear that both diseases, 
the one to the stem and branches and the other to the pods, 
are due to the same parasite, they do not necessarily occur 
side by side on the cacao fields. Indeed, fields that are 
disposed to an annual outbreak of canker often show 
little or no blazoning of the pods, and vice versd. Van Hall 

* J. B. Borer, ** Pod.rot. CenlEer mmI ChepoH'Wilt of Otemo," Bulletin Department 
Trinidad^ July, 1910- 

t Jendi, ** Cm«S md Bmn CMilcer/* Circ, Bap, Bat. Gardens, CepUm, ISIB, IS. 
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denies that ^ectna ih the cause ot ” carlker,” but admits that 
the disease is ahvays {ollowed'^closely by the appearance of 
this second })ara8itic fungus, which, however, he does not 
consider as playing T(Ue of any importance. The latter 
also is due to a parasitic fungus named PhytopMma 
omniwra (or Faberi), similar in many ways to the “black 
i;ot ” of the ])otato, Phyiophihora injesians and to Pcrono- 
spora generally^ 

“ Black rot ’’ attacks the cacao ))ods, sending its fila- 
ments well into the interior of the }>od which, in time, is 
turned into ii black })ulpy mass, whilst the fungus appears 
on the outside surface of the shell as a white mould. This 
fuhgus has been id(*ntified in cacao jdantatiohs in all districts, 
esi)ecially in Ceylon and Trinidad. There is little doubt 
that it WHS Phyiaphilmn omnivora which destroyed the crops 
and prosperity of Trinidad in 1727, a disastrous e])isode 
already mentioned as being reported in l)e Verteiiil’s book 
on Trinidad. 

A new disease a[)pearing in the West Indian cacao 
plantations was noted by Bancroft * in 1910. This pjirasitic 
fungus belonged to the genus Colleiotrichum and had pre- 
viously been recorded from other cacao-producing centres, 
especially' from Surinam, though this seems to have been its 
first appearance in the West Indies. It has been mentioned 
by Hall and l)rost,t Delacroix, J van Hall§ and Von Faber |j 
in their studies on fungi parasitic to plants, and, besides 
being extremely contagious, it causes complete deterioration 
of the })ods, making them hard and woody, and sapping the 
juices which protect and nourish the beans. 

An interesting article on cacao diseases on the Gold 

• C. K. Bmctoiu ir. /. HMUtHn, 1910, %l, 34. 

t wad DroiA. iks Tran. But. AV«4., 1908, ir., 34$. 

k Boc, Mt/c^ ^ 1903. nu.. 191. 

i C. J. J. VM Cocoa. 1914. 

I r.e Von nhetC' Hm Kf»i»klM4K*i wd PnnklMi dm 
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Coast appeared in Tropical Life {July, 1915). • It recorded 
a new disease from Calabar tfhd in the Western Province at 
Olomu. The first indications took the form of “ scaling ” 
from tlie outer bark in the vicinity of the forks wh^re 
branches came off. On the branches above altid below a 
fork the bark mostly scaled away, leaving otily small 
patches. No cacao disease of similar symptoms had, at tliat 
time, been recorded from Kew. 

In the Gold Coast, ])od diseases are in()sf common, and 
many root diseases have also been reported, the latter being 
due chiefly to Hymenochcete noxia (Berk.). 

^Ihyridnrui tarda (Bancroft), described as an “ iibicjuitous 
saprophyte,” liSs caused considerable trouble among the 
cacao tree roots, thougli van Hall has doubted whether the 
so-called ” Thyridaria root rot ” can be attributed to tjiis 
fungus. 

Tile suggested remedies are mvh as would be applied to 
any tree suffering from disease, namely, tlie strengttienmg 
^of plant -growth by addition of manure to the soil, installa- 
tion (jf a i>roj>er drainage system and the removal of all 
possible means of contamination, by lopping off the diseased 
branches of affected trees, and a complete destruction, by 
lire, of the refuse thereby created. * 

It is not an uncommon i>ractice for the pods to be shelled 
on the plantation itself for the removal of the beans, the 
husks being allowed to rot on the surface of the land until 
Sufficiently decayed to be dug in. This jjraidice constitutes 
a danger of spreading disease among the cacao trees, and 
it is most essential that all affected husks should be removed 
outside the plantation and burnt forthwitli. A check on 
disease may often be brought about by the use of sprays of 
solutions confining sulphate of iron or copper, fungicides 
which have proved most efficacious in combating the potato 
black rot ” and ” com smut ” {UstUago carbo) in this 
countiy. 
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Among tko insect i»ests nientioued*by Hart as causing 
the greatest trouble to encaiF planters are the “ parasol 
ants ” {Ecodoma cephalotex) and the “ cacao beetles 
{Sfeirmtoma histrionici^. 

The “ ants,” ^vbi(*h remove ])ortions of the cacao leaf 
often afflicted by the growth of certain fungi, ujk)!! the 
(• 4 )nidia of which the ants feed, are most persistent in their 
depredations, a«d, in^ spite of sulphur or tobacco fumes, 
they will often recur at the sites of their former nests. So 
mn^ih damage has been done in tlie ))ast to plantations by 
the 'ravages olf these ” ants that the Legislative Council 
of Trinidad can pronounce any district, troubled with the 
liests, to be in (puirantine. 

The ” cacao beetles ” deposit their eggs in the bark 
an^l wounds of the tree and, by boring small holes through 
the branches, cause boughs to fall in windy weather. The 
most satisfacioiy cure for this pest seems to be the cutting 
away tlnd burning of infected parts, or the more cautious 
probing to remove th<‘ beetle. In either case, the wounds, 
in the tree must be dressed with tar and clay or *other 
antiseptic mixtures. 

The ” cacao beetle ” Sidra^Htovia deprcssmi is more 
frequently mentioned by agriculturists than S. histrionica^ 
A full description of this pest has been made by Ballou, 
entomologist on the staff of the Imperial Department for 
the West Indies, and is reproduced in an article which 
appeared in the Journal of the Boyal Society of Arts (August, 
1909, 793). ^S. depressum has been reported commonly in 
the West Indies and Surinam, where both the adult beetle 
and the lar\a cause immense damage. The adult feeds 
largely on the^tender bark of the young plants and deposits 
its eggs in crevices in the bark. The egg hftches, and the 
Iwva burrows into the bark where it feeds, grows and 
dev^ps. The direct damage done by the larva resutts in 
weakening of the tree, caused by the sap-fltew beh^ out 
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ofif, whilst the nibbKiig of the adult seems to cause more an 
offence to the eye than any direct damage* The indirect 
result of the depredations of both stages of the beetle is to 
cause the tree to be more liable to attack by fungi wbichf 
as we have seen, are formidable foes of the aacao planter* 
Van Hall refers to the beetle f^s one of the worst pests in® 
Trinidad, Grenada, Guadeloupe, Martinique, Venezuqja, 
Surinam and Demerara, and mentions a 4)aj>er by Guppy, 
which we have not consulted, as giving a clear exposition 
of the life-history of this pest and of the method^ of 
combating it. 

^ The aphis fly and lice, coimhon to all vegetation, are to 
be found on the cacao tree, and, though no real haitu is 
caused by their jiresence, the cleanly planter will endeavour " 
to keep them away by spraying and other preventive 
measures. * 

Vegetable parasites and orchids, words used indiscri- 
minately in Trinidad for one and the same thing, are lAany 
and have been described in articles submitted to the Associa- 
tion^ of German Chocolate Makers. There is little doubt 
that all such cancerous growths sap the energ}’^ of the tree 
and should be removed at the earliest opj>ortunity by cutting 
as close as possible to the point of juncture. * 

Pruning. 

Parasites and the seeds of disease fall upon the tree 
under most favourable conditions for their growth w^hen the 
sap is do^ra, and when the dead wood abounds. It is a 
mistake, however, to cut away all the old wood at once, as 
heavy pruning always stays the growth of a tree by reason 
of leakage of sap which must occur when incisions are made. 

The objeot of pruning is primarily to produce an even, 
symmetrical tree with plenty of foliage and fruit, to remove 
bott|^ which are past bearing and to induce new growth. 

In yotmg trees with a single shoot, three or, at the most. 
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four small brandies should W allowed tfe form at the sides 
with as Hindi regularity as dieumstances will permit. In 
the saiTH^ way, by judieious jir lining, the secondary and 
t/ertftir)’ branches shouW be induced to glow at regular 
intervals, • 

• In the early stagi‘s, the wood should be jiruned when in a 
sti^e to be “ jiinched ” and not cut, and, whenever a knife 
is employed, the greatest care should be taken that ragged 
cuts are not made. 

loiter, when knife and saw art? brought into use, sym- 
metry, by removal of the oldest wood and encouragement 
of young shoots in the most desirable })ositions should bji? 
aimed at, and the wounds should b(‘ covered with some 
antiseptic mixture. 

Pruning is b(*st carried out at the close of a croj), M’hen 
both flow(‘r and fruit are absent, and, though it is often 
desirable and iu‘ct*ssary to juunt' whilst the crop is on the 
trees, caf(‘ must lx* t'xercised lest injury occur to the fruit 
and, more essential still, to the flower of the next season’s 
fruiting. 


Picking. 

Wlien the trees an* three or four years old they com- 
mence to Hower, and, after they have once produced fruit, 
regular crops may be expected for fifty or more years, if 
proper care is taken. Tlie yield usually continues to increase 
a little till it reaches its inaximum in the tenth, eleventh or 
twelfth year. 

The fruit, which has already been described, is gathered, 
when in reach, by means of a hand knife, the cacao hook or 
pruning knife, fitted to the end of a long stick or bamboo, 
being used for gathering the fruit on the higher branches, 
(Plates IV., V. and VI.) 

The flowers for the following crop usuaHy occur at the 
point of juncture of the fruit with the tree ; consequently, 
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the picking or cutting is attended by considerable risk of 
injury to the blossoms, and it is important that the cut 
should not be made too near to the main support. 

Colour and sound on tapping are the most sure guidSs to 
the planter as to whether the })od is ripe for pieking, but it is 
admitted on all sides that great exj^erience must be acquired* 
before absolute certainty as to the ripeness of a pod can«be 
ascertained bj^ these means. For tins reason, picked men of 
ex[)erienee should be selectiKl for gathering the fruit, as the 
beans of unripe or over-ripe ])ods, if not discarded, will jpwer 
the standard of the bulk. 

If only ripe pods are gatluVed, the sorting which they 
must undergo ^is greatly simplified, and the planter ha% the 
satisfaction of obtaining his cacao in the finest condition. 



CHAPTER VI 

FERMKXTATIOX OP THE BEANS 

Fermentation, which has ueen looked upon from very 
early, times as a necessarj^ process for obtaining cacao of 
finest aroma and flavour, may be regarded primarily as the 
most convenient method of removing adhering pulp and 
of obtaining the bean in a suitable state for qflick drying. 

It is undoubtedly true that the cacao commanding the 
highest market price is usually fermented, so that a good deal 
may be said for the first argument in its favour. However 
that may be, the difficulty of removing the pulp clinging 
to th*e bdkns and of rapidly drying the cleaned seeds, without 
allowing germination to commence, would be accentuated, 
if fermentation were not resorted to. • 

Germination of the bean would entail a loss of a certain 
amount of fat, but, by quickly killing the embryo and life 
of the seed tiy fermentation or sweating before the more 
readily assimilated sugars are used up, this valuable portion 
of the bean is preserved. 

The value of fermentation has been discussed by many 
writers, but probably the most complete attempt to reach 
a conclusion is that’ made by H. H. Smith, the editor oi 
Tropical lAJe, in fijs work “ The Fermentation of Cacao,’ 
published in 1918. In this treatise can be found essays bj 
Dr. Axel Preyer,*' Dr. Oscar Loew, Dr. Fickendey, Dr. A 
Schulte im Hofe, Dr. J. Sack, Dr. Lucius Nieholfe and others 
The book includes not only much original research on caca< 
fermentation, but the considered judgment of mon who« 
in life has been the study of the eacae mdwbcjf 
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A great deal of infonaation may be drawn* from this worb^ 
and the flAiocolate inanttlacturer who studies his products 
cannot do better than obtain a copy of this admirable 
collection of essays and read it. • 

Still more recently, Knapp fias shown .a careful com- 
parison between fermented and unfennented beans iti 
Trinidad, and, taking into consideration the fact that^this 
writer is also familiar with the technic^ side of the cocoa 
and chocolate industry, his opinion carries no little w^eight. 
It is, therefore, intended to examine the differences existing 
between fermented and unfennented beans bf the same kind, 
as seen by Knapp, and later td study the processes operative 
in fermentation. • 

Comparison of F(nrmented Cacao Beans with those Dried 
direct in the Sun. - 


Drio<t Beaita 

•Shape .... 

Flat. 

Shell .... 

Soft. 

« 


Loodenem of ahell. 

Colour of interior . 

•Shell tight. 

Slate Cfuotir to black. 

Oonsiatene;^ of interior . 

Leather to cheenc. 


“B” 


j Avermse [ 

Fod. 

14 b .,- weight ; 

! mrbMin j 
; In gmui. , 

> ! 


Konncntort Bomm. « 


I*lutn|icr or rounder. 

(<nNp, UNuelly darker outwide ; 
note the dark brr)wn colouring 
depowited inaide of «hell. 
Shell more or lean tree. 

Brown ; light and dirit browrut 
(and purplgH). 

Brittle; crumbled readily. 


I Unfennented 

Tnmdad Criollo . ^ j Kermented 
Trinkudcuwaiu ; 


( 


1-716 

0-663 

0-m 


270 

260 

610 

535 


Sheii 

per 


no 

133 

161 

16-1 


Molirtttre 

la ■ " " 


per cent 


5‘02 

♦•87 

503 

5-15 


Butter to 


6022 

64-74 

53-33 

50-01 


!Fhe above tables show the extremes in differenees, and, 
in practice, the dried beans are osnally sh'gfatly lermoited. 
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When roasted, however, the product fronf the unfermented 
m inferior in every way to that ffOiii the fermented beans. 
This bears out our previous contention and is a matter of 
comnfon knowledge at thp present lime. 

Ah we have*point(Hl out often enough, the advantages to 
tlie manufacturer of finished jjroducts, such as chocolate, 
biscwits, etc., of a raw material ))repared in a certain manner, 
need not find favoir* in the eyes of the ])roducer of that raw 
material. Indeed, tla^ dirc<‘t advantages to the two pro- 
ducerH,may be iti opposition, though the indirect advantages 
of placing on the market a suitable raw material can only 
result in good busin(‘ss to both. Such a case can be seen 
in this^ instance where the planter may reasonably object 
to a loss in w(‘ight of his bagged beans, by fermentation, for 
the ad^vantage of the manufacturer of cocoa and chocolate. 
\et it would be a short-sighted policy for the planter to })ut 
this forward as an argument for not fermenting his beans. 
Whether (Jr no this argument carries any weight with cacao 
planters, whose practice it is to omit fermentation altogether 
or to conduct fermentation in a slip-shod fashion, it is difficult 
to say. We can give them the benefit of the doubt and 
quote on their ^behalf the work of Perrot,* who recommends 
the treatment of cacao beans with a 1 per cent, solution of 
sodium or potassium carbonate and the removal of the 
pulp mechanically, after the beans have been subjected to 
heat in the presence of moisture. The same author recom- 
mends the sterilisation of plantation cacao, by means of 
steam, and a subsequent drying, in order to obtain a more 
uniform product from one and the same plantation. By 
these means, Perrot claims to obtain a better product than 
by fermentation. iCnapp, at the Third International Con- 
gress of Tropidil Agriculture, f discussed the value of PerroCs 
method which had been tried, at the request of the former, 

* R. Pwn»t, Comfit. iUnd., 1»13, olvi., 1394— «. 

t A. W. Kn^fip, A»/e. vd, ii., 227 ei aeq. 
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in Trinidad. He-said, “ the ^kalised beans were clean and 
light in colour, showing, that the alkaline carbonate had 
facilitated the removal of the pulp. (The beans were soaked 
for thirty minutes in a solution containing 2 ozs. of wishing 
soda to 4 pints of water.) The s^ape was slightly flat, the 
shell fitting tight. The interior of the bean was heliotrope 
to slate blue, and was compact and cheesy. The stemmed 
beans were dark on the outside, showing that the pulp had 
been difficult to remove. They h*ad a compact and cheesy 
interior, the colour of winch showed various shades of bright 
violet.” 

^ On roasting, the beans l.reifted in this way did not come up 
to the i)romising report of Perrot, and they showed the 
well-known properties of unfermented cacao, being dull 
purplish in colour, with an inferior odour and an astringent 
taste. • 

Granting, therefore, that, there may be planteis who 
consider, from their standpoint, that cacao is not improved 
in quality by fermentation, and who, therefore, not only do 
not practise this operation, but will even go to greater 
expense to avoid it, the chocolate manufacturer is in no 
way uncertain as to the relative values of fermented and 
unfermented beans. The market j)rice is suffij-ient indication 
of his opinion. 

Table VIII. shows some figures, obtained by Harrison * 
in his work on fermented and unfermented beans, of especial 
interest in this place. It is worthy of note, however, that, 
unlike the results of many other observers, the fat-content 
of the bean is higher than that of those merely dried. 

These few remarks upon the advantages of fermentation 
would not be complete without reference to the work of 
Fickendeysj' who, like Perrot, felt convinced that natural 
fermentation could, with advantage, be replaced by mecha* 

• J. B HMuon, 1887, from Cttno." by .7. H. Hut, 1800 uid 181 1. 

t Or. ^‘‘iolMiidey in The remmUilan of Oteaa." by H. H. Smith, tStS. 
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itiical and chemical treatment. PickendeJ^ claimed that the 
most important changes brought tfbout by natural fermenta- 
tion, with the exception only of development of aroma, can 
be iniluced also by the irrjmersion of the cacao in 96 per cent, 
alcohol or by fpeezing. Both the browning of the cotyledons 
tfhd the removal of the bitter taste can be secured by this 
treatment, after subsequent exposure of the beans to the air, 
the former being due to^ the oxidation of the tannin sub- 
stances to which, in the first place, is attributed the bitter- 
ness qr astringency. Being confronted with the difficulty 
of obtaining aroina, Pickendey decided to experiment with 
fermented beans, and, finding, apparently as a discovery, 
that the oxidation of the tannin substances increased rapidly 
in weak alkaline solutions, he proposed that, after the 
fermentation, the beans should be soaked in a 5 — 10 per cent, 
potash solution for ten minutes and subsequently dried. 
By this treatment he claimed the following advantages : — 
(ij Reduction of the acidity of cacao. 

(2) Iticrease of activity of the enzymes, enabling them 
to act more freely and the beans to lose more bitterness. ^ 

(8) Assistance to the cocoa manufacturer in rendering 
his product more soluble. 

Table VIII. — Composition of the Kernels of the Beans of 
Forasiero, Dried, and Fertneriied and Cured, (Harrison.) 

Fermented 
Dried. and oared. 

Water 5000 . 6-280 

1. AibuminoidK. . . . 7-228 . 6-180 

2. Indeterminate nitrogenouH 

matters . . . 4-OSl . 2-525 

8. Theobromine ... 1-821 . * 1-480 

4. Oaffeino . . . . 0-382 . 0-414 

Fat . . . . 45-831 j 52-120 

Oinoose . . . 0-247 « • 0-666. 
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TaVLR VIU.— 


f^Bimeated 


Sucrose 

DrM. 

. 1-878 


Mid ottt«d 

nil. 

Starch .... 

. 9-048 


6-7«0 

Astringent matters 

. * 7-329 


8-470 

Pectin, etc. . 

2 068 


0-770 

Cacao-red 

. 2-811 


2-85 g 

Digestible fibre 

3-969 


6-762 

Woody fibre. 

. * 5-436 


6-200 

Tartaric acid, free. 

0-057 


0-4^ 

Acetic acid, free . 

. nil. 


0-600 

Tartaric acid (combined) 

0-729 


0-5£» 

Iron peroxide 

. 0-048 


0-057 

Magnesia 

0-680 


0-621 

Lime .... 

0-153 


0-164 

Potash. 

0-961 

. 

0-776 

Soda .... 

0-101 


0-196 

Silica .... 

0-024 


• o-ifeo 

Sulphuric anhydride 

. 0-072 


Trace 

Phosphoric anhydride . 

1-565 


1-210 

(Chlorine 

0-047 


0-048 


99-995 

• 

100-000 

1. Containing nitrogen 

1-156 


0-980 

2. 

0-653 


0-404 

8. 

0-406 

* 

0-457 

4. ,, ,, 

0-096 

- 

0-119 

Total nitrogen • 

. 2-310 


1-960 


That sontething may be said for Fickendey’s eontentiond 
can be seen in the sterling quotations given below for five 
varieties of beans, fermented (1 and 2) and tmfermetiied 
(8, 4 an^/i)", of which last, nambers^S and 4 were treated 

m. 
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dri5'‘S‘‘'he 

reducins Ih, 2„7 ”* " '«™«t«lion, by 

* maintained for three Jjour.s Tl!! L * ® Centigrade, 
P^iiomieed by a Gernuni firm of 1 '? produced, were 

to poMseHH a gootl aroma and flavour.’""^ ^ manufacturers 

r ~ ^ ^ • 




No. i. ) 

No. '2. , f^ermentPd. 
No. a. i 

No. 4. FicJcpmJov. 
No. 5. 


I I-ondon Jirokera' 
I VuliiRfio,, 

, *>'»> II. 11)11. 


JVr <'wt * 
Afxoit .U». to .M.V. 

M nu 

M r»2H. 
u 5U 
*. .'Wl.f. 


Liverpool Krokerg' 
Valimtiuri, 

I't'b. 15, 1911. 


JVr cwt. 
•'><>#. to 5U. 
49/<. to r>()/f. 
47x to 4Hm. 
4tM. to 47f». 
4rM. to 4«.«i. 


Manufarturera* 

Valuation, 

J-^eb. 15, 1911. 


Per cwt. 
r>2«. to 63s. 
52s. to 53^. 
48.9. 

50^. 

4<i'i. to 4a9. 


eorisideied more fu% hulr 

of analyses of beans be Irl i f the results 

with, and, for the present it wifi ^^'■“entation, are dealt 
ment of the kernel and 1 1 . improve- 

the main objects for which ‘fer”*”r -”^ adhering pulf are 
reason why such im, Jv« the 

»«ordI„rt ,t 'S„r '”‘0 d'-d- 

dim«,l being Z 

in pr£„'“S:t™ ■■ 

husks fonveying Zl ! t^e C tf 2,1? 

the plantation. ' “ *o remain m 

lmifet,?i^Se of thr^^wL-KX^b^'V “ 

VIL), „’.b. 
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Table TK.,—Chan,^es taking place in the Kernel of the 
Beasts of “ Calabcu%llo,'" during Fermefiiation and 
Curing, 


Water 

Fr<?«h 

l>eariH. 

B7-G87 

• 

Fermented ayd 
vured beans. 

8-675 . 

Loss duririK 
fermentation 
and curing. 

33-962 

Albuminoids 

6-G!M5 


4-419 . 

2-27f 

Indeterminate nitroge- 
nous matters . 

0-5H1 

• 

• 

2-059 ,. 

1-521 

Theobromine 

1-352 


1-003 . 

0-349 

Caffeine 

0108 


0-032 . 

0-076 

Fat .... 

. 29-256 


29-256 . 

nil 

Glucose 

0-991 


0-604 . 

0-987 

Sucrose 

trace 


nil 

nil 

Starch 

8-764 


3-221 . 

0-548 

Astringent matters 

5-004 


3-610 . 

1-394 

Pectin, etc. 

0-657 


1-178 .• 

+0-5^1 

Cacao red . 

2-952 


1-890 . 

- 1-562 

Digestible fibre . 

5-112 


3-787 

1-375 

Wootjy fibre 

3-030 


2-780 

0-250 

Tartaric acid (free) 

0-079 


0-328 . 

fO-259 

Acetic acid (free) 

nil 


0-544 ,. 

-fO-544 

Tartaric acid (combined) 

0-477 


0-877 . 

0-100 

Iron peroxide 

0-032 


0-069 . 

+0-037 

Magnesia . 

0-324 


0-375 . 

+0-051 

Lime .... 

0-054 


0-118 . 

+0-064 

Potash 

0-842 


0-592 . 

0-250 

Soda .... 

0-239 


0-288 . 

+0-049 

Silica. 

0-016 


0-022 . 

+0-006 

Sulphuric anhydride . 

0-079 


0-031 . 

0-048 

Phosphoric anhydride . 

0-749 


0-712 . 

0-037 

Chlorine • * . 

0-019 


0-012 . 

0-007 


100 000 


60-442 
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Table X.—CcmposUion oj Sweatings taMnfroni Ok Bunnmgs 
of Swealhig Boxes, and df Original Pulp. 



Sweatings, 
(^labaoillo and 
Forastcro. 

Original pulp, 
Forastero. 

Water . • . 

. 84-817 

. 88-030 

AlbuminoklH . 

0-062 

1-271 

Jndeterminate niiroj^oiious 
matters 

0-250 

nil 

Glucose. . . * . 

. 11-604 

0-091 

Sucrose .... 

0-638 

1-001 

Astringent matter, etc. . 

0-854 

0-108 

Alcohol . . . .* 

0-180 

nil 

Ifertaric acid (free) . 

0-340 

0 - 60 ^ 

Acetic acid (free) . 

0-892 

trace 

Acetic acid (combined) . 

0-290 

— 

fron peroxide 

0-038 

0-010 

Magnesia 

0-074 

0-073 

Lima .... 

0-029 

0-030 

Potash .... 

0-354 

0-248 

Soda .... 

0-004 

0-015 

Sulphuric anhydride 

0-021 

0-031 

Phosphoric anhydride 

0-038 

0-098 

Chlorine * . . . 

0-007 

0-061 

Tartaric acid (combined) . 

100-000 

0-351 

Theobromine . 


0-348 

Caffeine 


0-059 

Fat ... . 


0-421 

Starch .... 


1-306 

Pectin, etc. . 


1-126 

Cac 40 M) red 


0-705 

Digestible hbre 


• . 6-564 

Woody fibre . . . 


2-455 

Silica • 

. 

0-003 
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dashing the pods oif a log of wood, as employed in Nicaragua, 
may be resorted to. 

The beans and pulp are removed from the broken pods 
and conveyed to the sweating house^ where they are all<fwed 
“to stew in their own juic^ “ ♦ in vats (Plate VIII.), un^il the 
interiors have assumed the cinnamon-red colour so much* 
desired. 

The exact condition to which the# beans must be 
brought by fermentation is known only to the practical 
planter, but, whether the process is carried dut inyats, 
as in Trinidad and Ceylon, or fermentation is allowed 
tq proceed in the beans packed warm from the sun in 
sacks, as is the custom of the small grower in VeneafUela, 
the results achieved are the same in their most essential 
points. 

In order to appreciate fully the action taking place 
during fermentation, it is first necessary to know the com- 
position of the materials employed in the process. 

Professor Harrison has made careful analyses of the pulp 
and beans before and after fermentation, and, though it will 
be unnecessary to quote in full all his results, the collected 
figures in Tables IX. and X. will give most of the informa- 
tion required. 

The beans and their adhering pulp, during the process of 
fermentation, rise in temperature from 80° to 40° C. in about 
three days, finally reaching 48° or 49° C., if a good fermenta- 
tion has been secured. The fermenting mass should never be 
allowed to reach a higher temperature than 60° C., and, in 
order to prevent this, frequent turning of the beans is 
necessary. 

The following results, collected by Preyer, showing the 
temperature t)f fermentation in different districts, stated by 
various observers, are of interest : — 

* 0r. CUUmdoi in prize e«M, on “ FemMnt.tion ol AfriaUiunU JUeord, 

IJMi 
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Mfthod of fermentation. 

Temperature employed. 

Preyer 

methofJ (Oeylon) : 



In the upi^er half 

30—40" C. 


In the lower half 

Outside temperature to 

t 


30° C. 

(Jhittrndon 

S«)m<‘ satnpfp.s fcrnuMitod well at . 
Wit h tho method in vo^ue in Trim* 

2tl-7° C. 


da<i ..... 

40 -40 ('. 

Mcfn« 

Ity tho nwthod pradiNttl in tlm 



^ West Indies 

About OO ’ (!. 

Strir-klanil 

Thrpo-tank*My«trm {West Indios) : 



In tank 1 . . . 

Not over 46 — 40° C. 

f 

In tank 2 . . . 

Not under 35° C. 


* In tank 3 . . . 

,, ,, ,, 

Fnwleru i . 

Three-tank system (Cameroon) : 



In tank 1 

30— 33 C. 


In tank 2 . . . 

3.5—38 ’ C. 


In tank 3 . . . 

Not over 43- --45° C. 


. 'rhre<‘-tank system (Surinam) 

Never above 45° C. 

Wnjfrit 

Thre<* tank system ((Vylon) : 



I'ank 1 . . . 

25—30 C. 


Tank 2 . 

30 -40" ( 

• 

« 

Tank 3 . 

33-44“ C. 

•lohn8<»n . 

Heaping method ((iold (W.st) 

Ik'low 60 C. 


In Trinidad. Knapj) tnadt^ the following observations as 
to teni{)erature in the sweating boxes : — 


After 

Degrees Cent. 

Degrees Fahr. 

1 (hj , 

. 30 . 

. 86 

2 days , 

. 37 . 

. 98 

8 days , 

. 47 . 

. 117 

4 days . 

. 48 . 

. 118 

5 days . 

. 49 . 

. 120 

6 days . 

. 49 . 

. 120 

Hudson,* at 

a Si. Lucia estate, British West Indies, 


has carried out a number of experiments on fermentation 
and has formulated certain axion^s, borne out by his experi- 
ence. Of these, the following are the most interesting : — 
(1) The higher the temperature, obtained and maintained 
for some days by primary natural fermentation, the better 

* Q, 8. Hudson in ** Th« FennenUtion of Csoao/' by H. H. Soiith, 1913. 
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the clasB of cacao» turned out. (Tlie maximum limit of 
temperature reached in Hudnon'B experimentB was 119® F,) 

(2) The addition of Dr. Lucius Nicholls* pure ferment 
and yeast food solution induces a higher and more prolofiged 
beneficial fermentation. 

(3) The daily “ changing ” of cacao from box to box by* 
a wooden spade, thereby transferring the bottom seeds^to 
the top, is most necessary to obtain the bgst results. 

(4) Beneficial fermentation ceases as soon as the bottom 

of the box falls below 100® P. ^ 

(5) Tlie larger the quantity of cacao fermented the 
quicker is a high temperature attained and lost ; but small 
quantities, whilst requiring a longer period, can be ferment ed 
just as efficiently as large. 

. (6) The preservation of heat and moisture by a thick 

leaf cover is a most necessary part of the process, but, wliere 
a pure ferment is not added, the cover can be beneficially 
omitted from the first and se(*ond boxes, to allow the “ cacao 
fly more free access to the beans, to deposit fermentation 
germs upon them. 

tn the same essay, Hudson records temperatures of beans 
during fermentation, with an average air temperature of 
78® P. and the average humidity 79, as ranging between 
76® P. — 88® P. after three-quarters of a day, and 108® P. — 
116° P. after 5| days, when the temperature begins to fall. 
By using Dr. Nicholls* ferment and solution, under identi- 
cally the same conditions, the temperature continued to rise 
up to the end of 6f days, though his figures do not show 
higher temperatures than when natural fermentation is 
allowed to take place, contrary to the opinion expressed in 
the second axiom. 

Preyer,* in his articles on cacao fermentation, states that 
the micro-orgimisms, engaged in the operatipn, attack the 

Ax<j Pwyer, Week, fUr Brau.t 1901, xviii (21), 277. and Der TtOfenfjfitmmnrt 1901, 
mA iii^' JPWvmxtetion of Cacao/’ 1^ H. H. Smab. 1919. 
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busk and kill the embryo, whilst the soluble matters and 
enzymes diffuse througli the deachtissiie. Acciording to this 
writer, the fermentation should be stopped when the outer 
skin ki loosened, so as to be readily removable in a subsequent 
washing process. The s*ame author states that the yeasts, 
isolated from the vat liquors during a Ceylon fermentation, 
oor^isted of budding fungi, similar to Saccharomyces ellip- 
Hoideus and m^hranmfcunens, and a new species which 
he named S. tJieobronice PreyeVy to which he attributes special 
activity. 

rfie whole process of fermenting and curing may occupy 
^from nine to twelve days, thoilgh three days may be sufficient 
for the first- operation, if fermentation starts at once under 
ideal conditions of temperature. 

Needless to say, there can be no set time given for the 
completion of fermentation, the principle underlying the 
process being the attainment of certain ends, dependent 
upon* vaiiable conditions. Schulte im Hofe, in an essay in 
Smith’s book on “ The Fermentation of Cacao,” already 
frequently mentioned, says, ” In the Cameroons it was 
customary, at first, to allow the cacao to sweat from t£ree 
to four days, but now the period has been prolonged. In 
San Thom6 the methods employed are more advanced, and 
the period of fermentation (or sweating) is not always 
regulated by time, but often by the appearance of the bean, 
but even here the fermentation is usually allowed to 
continue too long.” The present writer is in agreement 
with Smith, who has commented on the fact that the San 
Thom4 cacao coming to his notice does not give the impres- 
sion of being over-fermented. 

Schulte im Hofe, Knapp and many others have described 
the appearance ' and other characteristics of 4)ean8 when 
property fermented. These may be summed up as 
psMow 

r (1) Change in exterior from almost white to a ijch brown, ? 
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whicii should becon^^ deep in colour^ before removal of the 
beans from the sweating boj. 

(2) Change in interior |rom bluisli-violet and mottled to 
an even reddish-brown tint. 

(8) Adhering pulp easy to remov%. 

(4) Beans become plump and round. 

(5) From being dry the interior becomes moist, and, by 
absorption, the beans become . so full of liquid that, whSn 
eul, they spurt out juice. 

(6) Spaces tilled with purple or brown sticky liquid 
occur between the cotyledons. 

(7) The odour of the mass changes from a delicate 
melon-like aroma to a heav}% sharp fragrance, probably.due 
to ethyl and amyl esters with free acetic acid. 

After the process, the skin of the bean is found to be 
shrunk and toughened and in a lit state to withstt^nd 
fungoidal growths, the kernel being changed from its some- 
what purplish hue to a rich brown, and the bitter anjl astrin- 
gent taste being greatly modified. 

Briefly, the changes which take place in the operation 
of s\9eating are as follow : — 

The beans and i)ulp, exposed to the air, are at once 
attacked by a yeast (Saccharomyces theobrdftKB Preyer)^ 
which causes a rise in the temperature of the materials due 
to the chemical action involved in breaking up the sugary 
matters subjected to its influence, with the production of 
alcohol. 

Later, acetic acid is developed by the action of bacteria 
{Mycoderma acefi), which speedily attack alcoholic liquids 
exposed to air. Another increase in temperature is noticed 
with the second reaction, and so much heat is developed 
that alcoholic fermentation is practically stopped. Both 
the alcoholic and acetic acid fermentations are due to the 
activity of the enzymes or juices secreted by the growi^ 
ferment^, %nd it must be inferredt from the analyses given, 
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that other yeasts and ferments, possessing proteolytic or 
albuminoid-splitting enzymes, aye also actively engaged in 
securing tlie general result of 1)ie«fermentation process. 

The loss of starch from tlie bean, during ferment ation> 
must be attributed to I he diastase content of the saccha- 
^omyce^, as observial by Pfeffer,* or to the diastase of 
secretion which all seeds contain, and wliich ])lays so impor- 
tant a j)art in providing soluble Fiourishment for the growing 
plajit, during the gerniihation of the seed. 

The loss of the alkaloid theobromine, during fermentation, 
has been much disputed. Indeed, Sack has claimed that 
, there is an increase of the* theobromine shown, but this 
statctfuent has been refuted by both Brill and Knapp, and 
there does not seem to be any scieiiiihc sup])ort for Sack’s 
contention. Knapp is more em])hatic, for he has stated 
thaf “ 1 should say definitely that there was no change in 
the theobromine content , only I am not absolutely satisfied 
witlf th (4 delicacy of the methods commoidy used for esti- 
mating theobromine.” With regard to the estimation of 
theobromine in cacao products, various methods are con- 
sidered in a later part of the present work. 

To recapitulate in pro})er sequence, the process of 
fermentation* is as follows : — 

(1) Conversion of starch into soluble dextrin and sugar 
by means of diastase, an operation which would take place 
naturally within the bean at the commencement of the 
fermentation pix>cess, even if no saccharomyces were present. 

(2) Some of the sugars of the pulp, and the original and 
newly formed sugars of the beans, are next converted into 
alcohol by the sugar-splitting enzymes of the saccharomyces, 
with a consequent rise of t.emi)erature. 

(3) The alcohol, so formed, rapidly undergoes fermenta- 
tion by the agency of Mycoderma aceti, with a still further rise 
of temperature. . At the same time, there occurs a loss of 

♦ FfeSer, “ Ueber die regui»toriiche Bildung ron 
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albuminoid matter, •both in the pulp and bean, attributable 
to the action of proteolytic«ferments, 

(4) In the presence of air, an oxidation process within 
the bean, resulting in colour changes due to the action of 
an oxidase. 

The chemical action during the process of fermentation 
has the effect of witlidrawing the soluble matters, contaii^d 
in tlie kernel, to the li(j[uid running away froan tlie fermenting 
mass, and, consecpiently, the quantities of the soluble 
mineral matters, chiefly consisting of potash and phospl;ioric 
acid, are found to be considerably reduced in the fermented 
beans and increased in the swea'tings. 

The astringent matters, to which the acrid taste of the 
fresh beans are due, are undoubtedly hydrolysed during the 
fermentation, as thej^ are found by analysis to be in gregtly 
reduced pro[)ortions both in the fermented pulp and beans. 
The relat ion between astringency and the presence of tannins 
has already been recorded ; that between astringeficy and 
correct fermentation is of cotisiderable interest to the 
chocolate manufacturer. 

In the case of the Calabacillo bean, the loss during 
fermentation and curing in one instance was 62^*5 per cent., 
of which 59-0 was water and 8*5 organic and mineral matters. 

Some loss of alkaloids, gums, vegetable fibre, astringent 
matters and cacao-red occurs in the beans during fermenta- 
tion, besides the more apparent losses in sugars, starch and 
albuminoid matters, the only gain of real importance being 
in acetic acid, the result of fermentation, and certain mineral 
matters which may be attributed, partially, to the accumula- 
tion of dirt. 

In later analyses by Professor Harrison of a mixture of 
beans containing one-fifth Calabacillo and four-fifths Foras- 
tero varieties before and after fermentation and curing, the 
losses and gains of the besms during the process are still 
more marked, the latter being entirely confined to 0-267 
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acetic acid, 0*010 iron peroxide, and 0*0i0 silica, whilst tlie 
total loss ainounied to 64*062 per? cent., of which 56*419 was 
water, 0*429 suc'-rose, 1*280 starch, 0*301 glucose, 1*258 
astrihgent matter, 0*982 albuminoids, 1*167 digestible fibre, 
and 0*270 cacao-red. 

• Before concluding this chapter on fermentation, it is as 
weU to consider one or two aspectJ^ tliat have not as yet been 
mentioned. Theue are two distinct processes in cacao 
fermentation thai. shoufd be kept strictly separate : (1) the 
fermentation of the puli), '^•^*» sugary mucilaginous mass 
in which the beans are embedded, and (2). the changes in the 
substances of the beans theihselves. 

Tile first process of fermentation takes place in the pulp 
or juice, wliich contains about 10 per cent, sugar (dextrose and 
Isevulose) and 3 percent, mucin, and which shows an acidity, 
chiefly due to malic acid, of approximately N. solution. 
The specific gravity at 15® C. is about 1*063, and 100 ccs. 
of juice •contain some 0*638 grms. of mineral ash, of which 
about half the amount is due to equal proportions of calcium 
and magnesium carbonates. The juice is, then, an excellent 
medium for the growth of yeasts and bacteria, and it is, of 
course, due to its fermentation that the rise in temperature 
is secured, sufficiently high to kill the germ in the bean 
without injury to the enzymes 'which play so important a 
part in the second process. 

Many exjierimenters have suggested that the juice should 
be used as a source of commercial alcohol or vinegar, and 
there does not seem to be any practical difficulty in the project. 
Yet, so far as the present 'writer is aware, no attempt has 
been made to place the scheme on a commercial footing, 
though the sub^t will be found discussed at some length 
in many of tile technical books and journals* dealing 'with 
the ferme^tion of cacao. Smith, in “ The Fermentation 
of Cacao,” hw. gone so far into the matter as to place on 
paper some calculations w^hich make very go9d readings 
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aiid which accentuate at least the necessity for an intelligent 
inquiry into the possibility oi producing vinegar and alcohol 
as by-products of the cacao plantation. 

Commencing with the world’s annual average output of 
cacao for the years 1910 to 1912 as *227,500 English tons, 
and the assumption, from Hudson’s figures, that 2 gallons 
of vinegar result from 200 lbs. of cacao, it is clear th%t 
5,096,000 gallons of vinegar could be adde^ to the world’s 
present production. This vinegar, when properly prepared 
and thoroughly mature and clear, has been described as 
excellent. “ Very occasionally one meets with cacao vinegar 
that appeals to the palate as the 'very perfection of vinegar ; 
although it is not deficient in strength its great points •are 
exquisite mellowness and freedom from all bite.” But the 
occurrence of such a fine brew does not appear to be c^ommon 
from the many adverse reports on cacao vinegar that can 
also be found. The correction of faulty production of 
vinegar can only be a matter of adjustments of conditions, 
and, as has been remarked before, there seems no practical 
hindrance to its successful preparation, save, perhaps, 
insuffifeient knowledge of the manufacture of vinegar on the 
part of the planters, which could be easily remedied. 

With regard to the production of alcohol, the literature on 
the subject seems confused between the manufacture of an 
alcoholic beverage and that of commercial alcohol. Smith’s 
figures, in the Preface to his work, show that the sale of the 
juice would bring in a total of £127,400 a year, if sold at 
8d, per gallon. This total, divided among the planters all 
over the world, does not seem worth considering, especially as 
the sale and preparation of the alcohol would entail an altera- 
tion to the existing system of curing the beans arid the 
Heces^y for finding a market for the juice which, pre- 
lumably, would be used only by local distilleries, when they 

it k but by mvBtaX writers ihiA the cacao jiiice 
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fulfils all the conditions necessary to thfe making of a pala- 
table spirit by distillation and even to making of wine. In 
Para, we are told, many of the planters pay more attention to 
producing an intoxicating drink from the green cacao than to 
the commercial beans themselves. The characteristic flat- 
ness of Para bi*ans lias been attributed to the squeezing 
which the beans are made to undergo, in order to free them 
from the Iasi dro^i of liijuid. No confirmation of this report 
can be found, however. 

yiie jiossibiliiy of separating or utilising the pectins from 
the cacao juice has not been overlooked, as Knapp * has 
suggested. A cacao jelly is occasionally made from the 
juic6 by adding an equal bulk of sugar. Its manufacture 
is very similar to that of guava jelly, but tlie luscious flavour 
of the latter (*annot be approached by the rather insipid 
flatness characteristic of “ Cacao jelly.’^ 

* A. W. Knaj)[), Tropical Lifc^ x., pp. 42, ei aaq. 



CHAPTER VII 

PREPARATION OF THE REANS FOR MARKET: WASHI??G, 
DRYING, FINISHING OR.POLIJ^IING 

Washing. 

After fermentation is comjilete and tlie required colour 
and aroma of the beans obtained, the cacao should be 
submitted to ^vashing at once, if at all ; otherwise fermenta- 
tion will proceed beyond the desired limits. 

No harm whatever can come to the cacao by waslang, 
from the points of view of the chocolates manufacturer and 
consumer, tliough the loss of weight attending the pro^*-ess, 
due to the removal of adhering pulp, may be imagined by 
the planter to be a matter of considerable importance and 
wdll frequently cause him to forego the operation. Cleaned 
beans will always command the higher price, and, in these 
days of scientific enlightenment, there is little io be gained 
by the planter in neglecting to wash the cacao, since the 
absolute yield or weight of the kernel, apart from the skin 
and its adherent dirt, is as important a factor in determining 
market value as the quality of the kernel itself. 

The loss from washing has been variously estimated. 
Sack * has stated that, in Surinam, a loss of as much as 
15 to 18 per cent, is admitted, but his own figures show 
4 to 5 per c^nt. from well fermented beans and up to 8 per 
cent, for dirty cacao, figures which compare more closely 
with Preuss* f figure of 4 per cent, and Eigen’s t value of 

* J Sftok in ** The Fennentation of Cacao/* by H. H. Smith, 1913. 

f Prenaa, “ Beiae nach Central and Bad-Amerika,’* 1901. 

X Eiffti, Dfr Tropmpjtanzer, February. 1903. 
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6 p6r cent., both for Cameroon cacac^. Schulte im Hofe 
has told us that, in the Camerooos, “ at first . . . the cacao 
was washed after fermentation had been completed, whereby 
the remains of the frmt pulp adhering to the beans were 
removed. As in chocolate factories the shell is removed 
' from the kernel in any case, it is immaterial whether some 
ofc the fruit pulp still adheres or not. This fact was soon 
recognised, and now the beans are not washed but generally 
dried immediately after fermentation.” There is no need 
to comment upon this clear indifference to the finish of the 
product and to the real needs of the chocolate manufacturer, 
especially at the present tiifie with high freight rates. The 
advantages of washed beans to the cocoa and chocolate manu- 
facturers can be seen when the returns of “ husk ” and “ nib ” 
from different beans and the price obtainable for the winnowed 
husk,” the manufacturer’s by-product, are discussed. 

The beans should be placed in sieves or troughs and 
thoroughly stirred and scrubbed under water, till all adhering 
organic matter is removed and the beans are clean and 
smooth, when they are ready for drying. 

Drying. 

The method adopted for drying may be by exposure of 
the washed cacao to the heat of the sun or by a system of 
hot water or steam pipes under cover, if the climate does not 
lend itself to the open-air process (Plates IX. and X.). 

In Trinidad, the beans, which are not always washed, 
are exposed to the heat of the sun on open wooden floors or 
> trays, which are covered up, when it rains, either by a 
Inovable roof or by placing the trays under a fixed shelter. 

In Ceylon, washed beans are dried either artificially 
or by the sun’s heat, as slowly as will allow the danger of 
the filiation of mould to be avoided, a process accelerated, 
injury to the quality of the cacao, if proper fermentar 
accom^ishod. * 





Cacao Beans Obtucg m the Sun, Trinidad. (See p. 78 .) 
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The beans, which are usually spread on the drying floors 
to a depth of 3 or 4 inches, ^nust be kept constantly turned, 
to prevent local over-heating and to enable a circulation of 
air to reach all parts of the layers. 

The best cacao is undoubtedly olbtained by sun-drying. 
It is hardly possible, however, to do without drying plants, 
except in a few localities, and there is no practical 
objection to their use. Opinion differs^ as to the best 
plants for the purpose. Those consfructed on the princi})le 
of bringing the beans into contact with opposing currents 
of air seem to be the cheapest to work, but are open to the 
olyection thal the cacao dries irregularly. Unless (he mass 
is stirred whilst drying, the beans adhere together, and, at 
the points of contact, the drying ceases or becomes delayed, 
and moulds an^ en(u)uraged. The most, practical method is 
that shown in the illustTation (Plate IX.). ^ 

Hudson, in the essay already mentioned, says : “ 1 am 
strongly of opinion that the (^ase, economy and certainty 
of drying cacao in vacuo will event ually cause it to suj)ersede 
all the methods on estates producing 100 bags or more 
annually.” Ex])erinients, made then (1908), (*ertainly justify 
his contention, though the presfud writer has not heard of 
any other develo[)ments t owards carrying this 'method into 
practice. The ” Passburg ” system of drying m vacuo, 
which we are aware has been eminently successful in drying 
rubber, fruits and vegetables in recent years, is advertised 
for drying cacao beans also, and there seems no obvious 
objection to its use for this purpose, exce))t that the volatile 
ethers, which it is required to retain, might be more easily 
drawn from the interior of the bean than by the older method 
of slow-drying. 

Bainbridge and Davies* liave thrown a little light on 
the probable advantages of slow-drying by ernpliasising the 

• Bainbridge a»id Daviee, “ The Eaaential Oil of C^ar ,/<fur. Srtc, Chtm. Jnd.^ 
November, 1942 
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fact that a number of jmssible ethereal mibstances are added 
to the essential oil of cacao during fermentation. These 
ethers, formed in the fermenting juice, penetrate the husk 
and enter with other liquids, during the fluctuating changes 
of temperature, into the interior of the beans. At least, the 
' less volatile of thes(‘ ethers will be retained within the bean, 
if,subse(iu(uit drying is sufli(‘iently slow. This h3q)othesis 
was contirm(‘d wh(‘n, later, the anatyses of the essential 
oil of cacao were made, showing that tlie earlier fractions, 
distilled, wer<* rich in esters of th<‘ ord(‘r expected, and 
analogous to those occurring in other s])ontaneous fruit- 
lermentation taking ]>lac(** at comparatively high tern- 
})er}ftures in the presenc(‘ of a free supply of air. 

The wh()l<‘ ({uestion of drying of cacao has been well 
nnJew(Ml by Hudson, wJiose original woik sliould be con- 
sulted, if further infoimition b<‘ required. 

The ])rocess of drying can lx*, summed u]) in tlu* words 
of Schulte iin Hofe : “ Whatever S 3 ^st,em may lx* sele(d)ed, 
the main thing always is to use the lowest possible tenij)era- 
ture tor drying, but, abov<‘ all, any further acidification, or 
the formation of butyric acid and the develo])in(ait of 
moulds, must be avoid(‘d.” 

Finishing. 

In order to accelerate tlx* drying of the beans without 
applying extra heat, especially during the damp weather, 
the planters of Trinidad, Venezuela and certain other 
coimtries inak(' use of line dried earth, which they sprinkle 
over the beans and intimately mix in with the drying mass 
(Plate XL). 

This provides a ready method of removing any remaining 
jnilp, as tlx* drying beans are frequently raked over, and the 
friction, of one bean rubbing against the other, soon causes 
the adhering matter to fall away. Other purposes which 
are served by this treatment are an improved feish in the 




^ PLATE D, 



‘Claying*' Cacao, Tbinidag. (See p. 80.) 
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appearance of the beans, protection against mould, and 
additional weight. 

With regard to these secondary advantages, the beans, 
treated with the red earth or clay that is usually employed, 
certainly present a brighter and cleaner appearance, and the 
mineral covering, so formed, provides additional protection 
against mould and fungus growths, so feared by the cacay 
[)lanter, which frequently necessitate the b^ns being dried 
for two or three days beyond the lime usually allowed 
by the planter for complete drying. There can, however, 
be no real advantage to the planter in adding weight to the 
beaiis, since the market is wide'awake to the possibilities 
of sophistication. 

It is, perhaps, significant that of late years, in this country 
at any rate, less “ clayed cacao has found its way into t^^e 
market. Venezuelan cacao shows a decided tendency 
towards better washing and less clay, and one is inclined 
to look to-day with suspicion u})on “ clayed cacaos whu'h 
formerly might have been said to carry tlie hall-mark of 
(juality. Both planter and manufacturer now possess 
scientific advisers. Hudson, in his essay, bemoaned the 
fact that while one cannot doubt that the large cacao 
buyers in Europe and the United States are trained, keen 
experts at their trade, it is a curious i)oint to the planter 
that they will pay 2^. per cwt. more for ‘ polished ’ or 
clayed ’ cacao, which only improves the superficial 
appeal ance and adds to the weight without improving the 
quality in any appreciable degree, and yet can only be 
induced to give the same advance on ordinary prices for 
washed cacao, which, according to general observation, 
frees the beans from gums and other extraneous matter 
(which should be of no use to the manufacturer) to the extent 
of from 4 per cent, to 5 per cent, in dry weight.” We do 
not like the implication contained in this paragraph, nor 
the assumption that “ the testa or seed-skin with its adherent 
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matter is used indifferently with the s^d contents in manu- 
facturing chocolate or cocoa/' -yet we are aware that there 
has been, and slill unfortunately is, some grain of truth in 
his suggestion. But we cannot all be “ tarred with the 
same bi ush,” and the i)resent writer knows of more than one 
manufacturer, both in England and in the United States, 
V'Ik) })ositive]y refuses to ])ay for “ clayed ” cacao on the 
ground of extr^ weight which is of no value. Besides, if 
clay is to be added to cocoa and chocolate, why not> add it 
in^ quantities that make it worth the while? Of course, 
Hudson’s suggestion is really nonsensical, for the bulk of 
chocolate manufacturers certainly do not adopt this method 
(>f«ad\ilteratio]], wliicdi, besidc^s being primitive, is open to 
thc' objections of easy detection and the production of gritty 
gj)ods. “ Ciavcal ” (‘acaos of (hylon. Central America and 
Samoji are, ition^ovcT, more often than not, beans c^f the 
higli(‘sl (quality, being of the Criollo or thin-skinned variety 
wliicli would, in any case, (*-ommand higher prices than 
beans of Forastt*ro or Calabacillo origin for the excellence 
of their aroma and their high fat-content-. 

Excessive “ claying ” lias, however, becui practised, and 
the Board^ of Agriculture of Trinidad caused posters to be 
placed in the colony, early in UJ14, to the effect that “ if 
excessive ‘ claying ' be not discontinued, it will be necessary 
in the general interest of the colony to bring this matter 
to the notice of the Government, with a view' to the introduc- 
tion of legislation making excessive * claying ' a pmiishable 
offence.” Originally, the use of clay w^as considered to be 
the best means of preserving cacao beans, and, without 
doubt, its use materially renders the husk impervious to 
moisture, and so prevents decay and the growih of moulds, 
whilst assisting in retaining the cacao aroma. In addition, 
the uniformity of colour, produced by rubbing the beans in 
clay, adds considerably to the a})}>earance of the sample. 
It has beeii already pointed out, however, tliat “ claying ” 
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is, to-day, no critorion^of quality^ and tJie boans coining into 
the market are judged for ilieir tiavour and aroma, the 
percentage of fat tlie cotyledons contain, and the ** return 
from a given weight of beans — that is to say, the amomit 
of “ nibs or cotyledons, obtained from a given weight 
of the raw beans, wliich sliould, alone of the cacao beans, 
be used in th<‘ manufacturt^ of chocolate and other coco^ 
preparations. 

The quantity of clay ])ermissible ist of course, impossible 
to give. Hart suggests about B lbs. to the barrel of cacao 
beans or about, 1 lb. to every 100 lbs. of wet cacao, but, 
clearly, the ({uaiility, used, must ilepend upon the needs of 
the ])lanter in the lirst ])lacis and, secondly, upon th<» degree 
of drynt*ss to wliich the wet beans have already attained 
before “ claying ” is commtaiced. 

Olivieri * has given figures of i to J lb. of red ferruginous 
earth ])er barrel (110 lbs.) of wet cacao. 

Buyers are, to-day, certainly inclined to give less ft)r 
“ clayed ” cacao than formerly, as they realise that the 
eart h is dead loss to them. Bannisk^r | found that the 
integument, of clayed ’’ cacao beans from Trinidad con- 
tained as much as 5*12 ])er cent, of sand and 2*87 per 
cent, of silica. As a general rule, the amount *of clay on 
“ clayt'd ” cacaos does not exceed 2 per cent, of the com- 
mercial beans. 

Quoting from Johnson’s book on cocoa (1912), the 
present writer is in entire agreement witli two of the 
largest cocoa and chocolate manufacturers in this country 
who, in reply to some questions put to them regarding 
treated cacao beans, said : “ We consider the prepara- 
tion for the market of by far the largest proportion of 
Bahia, Trinidad, Grenada, San Thome and Kameroon 
cocoa is perfectly satisfactory to the consumer, and 

• Olivieri, “ Treatiw* on (’aeiu) ” 
t Banniitter, Juvr. Hoy Hoc, ArU^ ISOO. 
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dislike any tampering with the h3an as by washing, 
claying, oiling, etc.,” and again, “ In buying cocoa we 
certainly do go into the question of loss of weight 
by moisture and shell, and have carefully worked out a 
table of the various cacaos showing their different losses. 
In many cases the loss through moisture and shell amounts 
io some 25 lbs. and over per cwt.” 

* 

Polishing. 

• In certain countries, even where the use of earth is 
customary, the fear that. mildew should attack the drying 
b^an is so great that a process of “ hand -rubbing,” or 
” dancing,” is sometimes employed (Plate XIL). 

” Dancing ” consists of treading the layers of drying beans 
^ith the nak^'feet and, as with ‘Miand-rubbing,” serves 
the double purpose of removing adhering matter and mildew 
tfom the beans, by friction of one against another, and of 
giving a finish or polish. 

It is difiScult for anyone but an experienced pei soii to say 
when the cacao has received sufficient drying, but, from 
analyses of the unroasted shells and kernels * of beans 
bought oil the market, it would appear that the cacao may 
be considered sufficiently dry when the moisture content 
of the shells has been reduced so as not to ex(‘eed 18 per cent., 
and of the kernels 8*5 per cent. These figures, given by 
Zipperer, are undoubtedly excessive, and the present writer 
has seldom handled beans with more than 8 per cent, of 
moisture, which should certainly not be exceeded. The 
amount of moisture in the kernels or ” nibs ” has been 
variously given : 5-23 per cent. (Trinidad), 4-75 per cent, to 
4*90 per cent. (Forastero-Amelonado), 4*20 per cent, to 
640 per pent. (Caracas), 4*50 per cent, to 6*50 per cent. 
(Forastero-Cundeamor ” nibs ”), 4*66 per cent, to 6*00 per 


Zipperer. Untersuehungen Uber Kakeo, etc.." 55.«.50. 67 






* Dancing ** the Cacao, Trinidad. fSee d. 84 . \ 


PREPARATTON OF THE BEANS FOR MARKET 85 


cent. (Gold Coast), die. Figures as high as 12 per cent, 
have been recorded by Playfair and LanJeester and 11 *60 per 
cent, by Boussingault, but such large figures as these are 
very unusual. 

A good deal of care is necessary during the operation 
of “ polishing.” The beans, from continual friction, assume 
“ a polished Spanish mahogany ” appearance, if correctljii 
“ danced,” according to Hart. When the beans appear in 
this state, the heaps should be opened out, and drying 
should be allowed to proceed as rapidly as possible. On the 
following day, the heaps are again ” danced,” which, with 
the drying heat of tlie sun, fixes tiie polish upon the skin of 
the bean. * 

Rapidity of drying after this stage determines tlie degree 
with which the polish is fixed, and Hart recommends treat- 
ment in a rotary dryer. 

Patent automatic polishers, one by Barnard and another 
called the ” Malins-Smith ” cacao polishing machine, are 
described by Hart, and there can be no possible difficulty in 
securing tin* desired result by machine, since the operation 
is essentially to seal up all possible cracks and crevices in 
t he husk of the beans, to strengthen the shell and to preserve 
it from cracking during transit to the market, processes 
which can be conducted as efficiently by machine as by 
hand. 

Any accusation of a desire to give weight to the beans 
by “ claying must be removed if “ polishing ” is also 
adopted, for, though, of course, some clay is worked 
into the husk, the majority of it is rubbed off by polish- 
ing.” As Hart has pointed out, some countries prefer to 
wash the beans instead of ” claying ” and ” polishing.” 
It matters little which process is adopted, provided that 
each is scientifically controlled, and that the beans come 
into the market as the cocoa and chocolate manufacturer 
reqi^es. 
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Kksi'mk of Chapters IV. to fll. Inclusive. 

Importance of Natural (Wditionk and Processes of 

Fermenting and Curing on Quantity and Quality 

OF THE Finished Cacao. 

Natural Conditions. 

e 

Site, soil and seed play very important parts in deter- 
miiiinj^^ both the quality and quantity of the resulting beans, 
inasniueh as ibey constitute those natural conditions which 
regulat(^ the production of good healthy crops of fixed 
varieties of cacao. 

The site must be one shelt (‘red from prevailing winds and 
f4iaded from the diix^ct rays of the sun, both conditions being 
accom])lished by selecting a ])lantation in the shadow and 
upder the le(^ of high hills or mountains, or by erecting 
artificial shelters and growing shade trees io serve the double 
j)urpose. 

The soil should be of good light loam, of reasonable depth, 
and should contain sufficient quantities of nitrogen, lime, 
})otassiuni salts and phosphoric anhydride. 

(lood drainage and freedom of the soil from salt are most 
essential t.o the successful culture of cacao. 

In the absence of any or all of the necessary components 
of the soil, manures to supply the deficiency should be 
applied. Stable manure, when obtainable, is jnost to be 
recommended for its safe application and efficiency. 

If these conditions of site and soil are observed in 
districts, where the temperature never falls below 69° F., 
and which possess a normal rainfall, a good acreage yield is 
assured. 

The seed is one great factor in determining quality and 
may be chosen from Criollo, Forastero, or Calabacillo 
varieties oi cacao. 
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Criollo cacaos gi\» beans of the finest quality, but the 
trees are not liardy and can only be successfully giwvn 
under tlie best conditions of cliinatt‘ and in the ricliest of 
soils. 

Calabacillo cacaos are tlie strongest growers and can be 
made to succeed in very )K)or soils, but the beans are of 
inferior quality and nev<‘r (‘omniand the high(*st nuirkt^t 
price* owing to tlieir astringtait and bitter tijsti*. 

Forastero cacaos occiij)}' an 1nterni<‘diate ])osi1ion 
l)etween Criollo and Calabacillo and may expi'cled 
to flourish wlieiv^ver cac^ao can b(* r(‘asonahly expeedetf to 
grow. 

Hart recommends tin* grafting of Criollo on to Jho 
C’alabacillo variet 3 % thus obtaining the liniT ([ualiti(*s of 
both kinds and <‘nsuring a regular <‘roj) of b(‘ans of constant 
sp(‘ci(*s. 

Pruning is n(‘cessarv for ])roduction of luxuriant foliage 
and good yield of fruit, but, wliere iticisions ar(^ mad<*, aftti- 
set)tic dr<*ssings should be ap[)li(‘d to the wounds, in order to 
pi’event tlie acc(‘ss of parasitic fungi and ins(‘cts. 

Disease may be avoided by k(*(‘|)ing the trees healthy 
and strong, and by jiaying attention to the soil of the jilanta- 
tion and the proximity of dis<‘ased shad<‘ trees, and may be 
held m check by spraying the affected ])artH with solutions 
of sul})hate of cop])er or iron. After sh(*lling, the }>ods should 
not be allowed to rot within the jirecincts of the plantation, 
and all diseased branches, pods and other }>arts of the tree 
should be burnt. 

In picking, care should be taken to prevent injury to 
the flowers of the next crop, which occur at the point of 
juncture of the pod with the tree, and that only ripe pods 
are picked, if the finest (juality cacao is required. 

Shelling should be conducted so that no injury occurs to 
the enclosed beans, and the precaution observed that no 
diseased pod^^ be allowed to rot near the plantation. 
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Processes of Fermenting qnd Curing. 

Fenneniation commences with the conversion of some 
starch by diastase into soluble starch and sugar, followed by 
alcoholic and acetic fermentations which reduce the propor- 
tion of sugars in the bean. 

The process of fermentation 0 })erates both on the pulp 
iVid the beans. In the pul]), alcoholic fermentation raises 
(he temperature and is followed by acetic fermentation. 
Tile rise of temperature is sufficient to kill the germ without 
[irewenting tin* action of the enzymes which are contained 
within the bean and necessary to bring about (he clianges in 
aroma and colour. 

•The benefit to tlie beans, broiiglit about by fermentation, 
may be simulated by other ])rocesses, such as heat, treat- 
m^ait with alkali solutions, etc., but, so far, fermentation 
has be(n found to be the simjilest and most efficient method 
of bringing about the desired result on the ])lantation, even 
though it may be less easy of scientific control tlian the 
other ])rocesses suggested. 

During fermentation, the beans lose a certain amount of 
moisture, albuminoid matters, alkaloids, gums, fibrous 
matters and cacao-red, besides the greater losses of starch 
and sugars. 

The best temperature for fermentation is about 49° C., 
and ()0° C. should never be exceeded.* The whole process 
may occaij)y from nine to twelve days, though three days 
may be sufficient under ideal conditions. 

The most obvious advantages gained from the process of 
fermentation and curing are : (1) To improve the quality 
of the kernel by loss of astringent matters ; (2) the modifica- 
tion of the (H)lour of the kernel from purple to a fine cinna- 

• Preyer, in Dy Tropenpfianzer, 1901, poinU out that, in Ceylon, the most favour 
able temperature for fermentation ir 38“ C., above which inferior reaults are obtained. 
Thia, however, is not universaliy accepted as the optimum temperature. Vidt also 
Chapter VI. « 
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mon-brown ; (3) W> render the removal of adhering pulp 
more easy, enabling the beans to be more quiekly dried ; 
and (4) to toughen the skin of the bean so as to make it more 
impervious to mildew. 

It is advisable to wasli the beans immediately after 
fermentation to ])revent further aetion, and to regulate the 
drying, so that the maximum time is taken without rish^of 
the formation of mildew. , 

It seems to be unanimously a§i*eed that slow drying 
is desirable, though only sliglit chemical explanation is 
forthcoming. 

To ])reviait mildew from aitrucking th<‘ drying cacao, it is 
customary in many countries to sprinkle line dry e«,rth, 
usually of a red and ferruginous nature^ uj»on the beans. 
This o})eration also gives a better appearance to the be/ins 
and removes the remains of any adhering j>ul]). 

in some countries, “hand-rubbing” or “dancing” is 
em})loyed in order to lemove adliering matter and rnifdew 
from tlu‘ drying beans, by friction one with another, and 
to gi\'e a lini^ polished ui^pearance to the cacao. 
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f^HARACTEHISTICS OE THE PlUNOirAL KINDS OF 
(.’OMMKKOIAL OAOAO BEANS 

In the foregoing chapters, it has been sliown liow the 
appoaranco of the beans, prepared foi' markei , is affected by 
the variety of cacao grown and by the varying systems of 
fermentation, drying, linisliing and polishing, emjdoyed in 
the Aiffereni cacao-j)rodiicing districts. 

Ry means of th(^s(^ external diff(a’ences in the finished 
beiwis, it is possib](‘ for tln^ pmduiser to tell, with practice, 
the land of their origin and, taking into consideration the 
a])p^mrance and Havour of the internal kernel, to determine 
the nature of the variety of cacao grown and of the processes 
which it has undergoiH^ in pre})aration for the market. 

In considering tlu' descriptions of the beans which 
follow, it must be borne in mind that blends may be found 
on the market and that seasonal diffeiences, especially dur- 
ing the harvesting of the bean, may be res})onsible for 
variations in ap})earance and flavour from the general 
characteristics here given. 

The cacaos on the market art‘ of either American, West 
Indian, African or Asiatic origin. American cacaos include 
those from Ecuador (Esmeraldas, Guayaquil Arriba, and 
Guayaquil Machala) ; Venezuela (Caracas, Maracaibo, Caru- 
pano, La Guayra, and Puerto Cabello) ; Surinam (Berbice 
and Essequibo) ; Brazil (Para, MaranJiao and Bahia), and 
Cuba, 

Tlie caCaos of most importance derived from the West 
Indies include tliose of Haiti, San Domingo (Samana), 
Trinidad, Grenada and Jamaica. 





SowriNQ Cacao Beiaks on a Drying Floor, Trinidad. 
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Prom Africa cotne th^ cacaoH of San Thome, Cameroon, 
Gold Coast (Accra) and Fernando Po. 

The Asiatic cacaos of most importance are from Ceylon 
and the Dutch East Indies (Java). 

The Gordian divides cacaos into two groups, thus : — 

Fine aortfi or “ Edelkakdo'" — Venezuela, Ecuador, 
Trinidad, Grenada, Ceylon, Java, Jamaica, Suriitam 
and Lesser Antilles. 

Ordinary sorts, or Miltclkakao"' — Bahia, Kamorun, 

San Thorne, Samana, Accra and Haiti. 

In PJ14, Surinam appeared trs “ Mittelkakao ’’ wiili Gold 
Coast, Para, Lagos, etc, ; whilst Greater Antilles apptmred 
as Edelkakao.’* 

The i>roduction of tla^ line sorts throughout the cacao- 
))roducing countries has falhui oflf from a tiguri^ of 79 ]>er 
cent, of the total in 1H95 to per cent, of the total in 1912. 
In the latter year, 82 ])er cent . re])r<^staited 72, 042, OOCf kilo- 
grams and the total 220,019,000 kilograms, tlie total output 
of the two kinds in 1895 being given as 70,21 B,0(K) kilograms. 
In 1909, of tlie total cacao consumed in Arm‘rica, 54 f)er cent, 
wen* “ ordinary ” sorts, in Germany 75 })er cent., in France 
48 per cent., and in England 46 per cent. The average 
prii'cs during 1909, P)10 and 1911 on the Hamburg market 
are shown as follow : — 


Prices in Marks per 50 Kilogravis net (1 mark - Is.) 




1910 

1911 . 

Summer Arriba . 

00 

05 

m 

Trinidad . 

56---5H 

. 55 -57 . 

r, 7 ~-,v.i 

Kamerun . 

51 

50 

54 

Bahia 

51—55 

. 50— 5H . 

51-56 

San Thome 

17—52 

. 46—50 . 

51 54| 

Samana . 

49 

47| 

51 

Accra 

47 

47 

4B— 50 

Haitfi 

45 

44 

45 
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y (1914 outi)ut, 41,451 tons. 

output, 40,000 tons (estimated). 


(1) Esmeraldas . — This district, in 1914, produced about 
75 tons of cacao which is known by the name “ Esmeraldas.” 
This is the only cacao, not of Forastero origin, grown 
in Ecuador. Thiii variety is of finer and nobler qualities 
than other cacaos grown in the province and more closely 
resembles Venezuela Criollo. Esmeraldas cacaos are seldom 
found on the market and are mostly consumed locally. 

Beans : Small, heavy, plump, almost lound but slightly 
olive-shaped. Shell : Yellow-brown of unequal colour. 
Kernel : Dark violet. Flavour : Mild and fine. 

(?) Gtuiyaquil Ariba or Arriba , — Grown in the province 
of Los Rios, which ])roduced, in 1914, about 25,000 tons. 
The main crop is reaped between March and June and is of 
Forastero origin, variety Amelonado. It is generally recog- 
nised that the best qualities of Arriba are only slightly 
fermented, which necessitates a very thorough drying, if 
the best product is to be secured. The drying is conducted 
entirely by th^ aid of the sun, and earth or clay is not used, 
with the results that drying is often very incomplete and 
that mouldy Ecuador cacao is not uncommonly found on 
the market. “ Prime red Summer Arriba ” cacao is of the 
finest quality and is principally sent to European markets, 
Germany and Holland taking the greater portion before the 
war. America has, however, increased her consumption 
of Arriba cacao considerably in recent years. 

Beans : Flat, irregular, of unequal colour. Shell : A 
light brown, lighter than most Ecuador cacao. Kernel : 
Dark on outside, lighter towards centre. Flavour ; Fine, 
somewhat seated and sweet to the palate. 

(3) Guayaquil Machala, — A very variable cacao, of less 
value and of lower quality than ” Arriba,” grow in the 
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province of El 0r«, producing about 3,500 tons annually. 
The main crop is gathered in September and October, but 
is also taken May to October. Like the “ Arriba/\it is of 
Porastero origin and Arnelonado variety, the differences in 
flavour, appearance and consistency between Arriba, Machala 
and Balao cacaos, the last named grown in the })rovince of 
Guavas, producing about 6,000 tons annually, being <Jue, 
respectively, to the differences in the soil iijid climate of their 
provinces of origin. The beans are ‘slightly more bitter than 
Arriba cacaos. This cacAo has large sales in America at the 
]»resent time. 

Beans : Flat and irregufar, smaller than “ Arriba.” 
Shell : Similar to ” Arriba,” but slightly darker. Kernel : 
Similar characteristics to ” Arriba,” but less uniform. 
Flavour: Pronounced chocolate flavour, less delicate and 
more bitter than ” Arriba.” 

Besides Balao cacao, already mentioned, there is another 
produced in hlcuador, named ” Manabi ” from the proVinco 
in which it is grown. Some 2,000 tons are grown annually. 
” Manabi ” usually commands a lower price than Balao 
or Machala cacao. 


Venezuela 


1914 output, 17,606 tonft. 
1917 output, 19,722 tons. 


(1) Caracas . — Grown in the eastern part of Venezuela, 
this cacao is of very fine quality, though Puerto Cabello and 
Maracaibo cacaos often fetch higher and more fancy prices. 
The beans come upon the market classified as Chuao, 
Ocuraare, Choroni, Guiria, Rio Caribi, Rio Chico, etc., and 
often as Puerto Cabello, Carupano and La Guayra, though 
the latter three should be kept distinct as far as possible. 
The confusion of names arises both from the districts in 
which the cacao is grown and from the ports of shipment. 
Caracas cacao may be divided into two classes : (1) small- 
beaned, and (2) large-beaned — the latter being of CrioHo 
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origin, the iormer Forastero and Hiinilar 4o Carupano cacao. 
The beans are nearly always “ clayed,” to avoid mould, and, 
consequently, appear clean and of brick-red hue. A great 
part of the Caracas cacao goes to France and Spain, 
though both lingland and the United States have learned 
to a|)])reciat(^ the fine quality of its flavour. 

,.Beans : Int^gular, but large and olive-shaped. Shell : 
Of the smaller varieties, thick, of the larger varieties, thin, 
covered with smooth reddish brown earth. Kernel : Pale 
brown to rich brow^i colour. Flavour : Fine and full, with 
pronounced chocolate aroma. 

(2) Marncaiho . — The cacao shipped from the port of 
Maracaibo is, correctly s])eaking, Caracas cacao or Surinam 
cacao, but it should be ol the highest quality grown in the 
western portion of Venezuela, whence come the best cacaos. 
The production of Maracaibo ” is not large, and the best 
ot it go(^s to the French and Swiss chocolate manufacturers. 
It is" mostly of Criollo origin. 

B(‘ans : Medium to large, irregular, similar to “ Caracas.” 
Shell : Smoot h, covered with reddish brown earth. Kernel : 
Bed-brown in colour. Flavour : Strong, somewhat harsh 
to tlu* ])alate, but of ])ronounced chocolate aroma. 

(8) Carupano, Mostly grown in the eastern provinces 
round Cariaco, Carupano, Bio Caribe, Aragua, etc., and along 
the Orinoco, of which Ciudad Bolivar forms the centre. 
This cacao is of inferior quality, of Forastero origin, 
and it is mainly shipped from the port of Carupano. In 
1909, the export of Carupano cacao was over million 
kilograms. 

Beans: Flat and smaller than “Caracas.” Shell: 
“ Unclayed ” and similar in appearance to “ Trinidad,” of a 
dark colour. Kernel : Bed-brown to purple in colour, 
according tO degree of fermentation. Flavour : Often sour 
to smell and bitter to the palate, yet, after roasting, of good 
chocolate flavour. 
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(4) La (Juayr(l.~^-6oni^ of the best cacao on the market 
is shipped from the port La Guayra. This variety should 
be almost entirely of Criollo origin, cultivated in the valleys 
near the coast. In IIMX), the export of La Guayra cacaos 
was more than 8] million kilograms. 

Beans : Full and ])lump. Shell : Similar to large 
Caracas cacao, nnldisli brown or dark orange in colour. 
K(*r!iel : Rich blown. Flavour : SweeL nutty and of 
jironounced chocolate aroma. 

(5) Puerto Cahello, — Grown in tht‘ west of Venezuela, 
this cacao, like “La Guayra,” should be of the finest (|uality 
apd should command tlu* higla^st pric.es. A certain (luantity 
of larg(‘ Caracas cacao, grown in (-hua.o, Choroni, Ocutiiare 
and other places betwe(*n Rii<*rto Cabello and La Guayra, 
is shij)])e(l from ihierto Cabello and passes under that lianas 
Betwe(ai Pmato Cabello and La. Guayra is grown the ])ure 
Criollo cacao, and tin* product from these jiarts is tlu' finest 
in the world. TIa* exports from Puerto Cabello, in 1110h,\vere 
beUseen two and thre<‘ million kilograms. The description 
of th<i beans is similar to that of ” La Guayra.” 

St.RINAM output, 2;80G loiiH. 

<11118 output, 2,1178 tons. 

The quantities of Surinam cacao on the market are 
comparatively small, though increasing. Tlu^ Gordiau 
classifi(Ml it as ” Mit lelkakao.” The cacao, after fermenting, 
is immediately dried without washing, a fact which accounts 
for the ])oor ap])oarance of Surinam beans, seen by the 
present writer. The point has been raised by Dr. J. Sack 
and others that buyers were prepared to pay only 2 cents, 
per kilo more for washed than for unwashed cacao in the 
market, and that, with the low price nf 55 to 60 cents (1913), 
the process of washing did not pay the }>lanter. 

The beans are mostly ” clayed,” but often with what 
appears t» be dark eartli or cinders, and the beans, examined. 
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have been of rather inferior quality, which may be classed 
with Carupano or low Trinidad cacaos. 

Dutch Guiana has doubled its output between 1912 and 
1917, the former year showing 9,500 tons, the latter 19,000 
tons, of whitdi the majority went to Holland, England 
importing, in 1912, some 50 tons and, in 1915, 500 tons. 


f 


BniTISHr Gtuana 


1914 output, 23 tons. 
1917 output, 3*5 tons. 


The variety of cacao cultivated is Forastero, and, from 
recent exam})les of beans examined, there does not seem to 
have been any im})rovement in the methods of preparation. 
Thiif is doubtless due to the facts that cacao-growing is an 
industry for small farmers only and that, owing to the 
difficulties of transport and labour, improvements in the 
system existing and a more studied effort to secure uniform 
j)roducts would require considerable ca])ital. Otherwise, 
the product might be made at least of second grade quality. 

The two principal districts are Berbice and Essequibo, and, 
t hough the writer is given to understand that both banks 
of the Berbice River provide e(|ually good land for cacao, 
the Essequibo cacao, examined, seems to be of better quality. 
The general description of British Guiana cacao is 
Beans : Small to large, very variable ; “ Essequibo,” 
the larger sample examined. Shell : Covered with grayish 
earth, easily removed from the nibs. Kernel : Dark brown 
or purple, very variable. Flavour : Harsh and smoky to 
the palate. 


Brazil^ output, 40,112 tons. 

11917 output, 54,728 tons. 

(1) Para or Para Maranhdo . — The output of Para cacao 
has remained nearly stationary, varying between three 
million and five million kilograms since 1894. Bahia cacao, 
on the other hand, has showed a fairly steady increase. The 
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natural conditions of» Brazil are even more favourable for 
cacao-giwving than in Ecuador, but the methods of cultiva- 
tion and pre])aration are more ])rimitive, and, consequently, 
the j)roducts are both poorer and more unecpial in (juality. 
Para cacaos are more liigh-priced than “ Ihihia,” and large 
quantities go to France. 

Beans : Fairly ])himp, of dark reddish colour, hut sniall^ 
Klu‘ll : “ Fnclayed ’’and r(‘d-br()wn. Kernel: From clioco- 
la< e-brown to j»ui j)le, according to the degree' of ferment alien. 
Flavom- ; Sweet and aromatic, wlien correctly ferment(>d 
and gatluaed ripe, but often harsh and bitter, when tht‘S(? 
pr(*cautions have not beiai ohserCt'd. 

(‘2) Unhid, ^riiis is often confus(‘d in nanu' witli tJie 
Ibihia cacao of Ecuador, called also ‘‘ Manabi,” “ Ihihia dt< 
t'aia<]ues ” or simply “ Fara<iues ” (Caracas). Ihihia is 
the most inq)ortant cacao of Brazil, A\liich has in('r<*ased its 
out|)ut of this (pialily from six million kilograms in 1894 
to 21.J million kilograms in 1910. Bahia ca('ao is classM 
as “ordinary” and may compete with Trinidad cacao at 
its best, l»ut it is more comnioidy ju'iced with Samana and 
San Tliome (acaos. J'higland, France and Switzerland are 
larg(^ pmvhasers. 

Beans: Of incgular contour, fiat. Shell: Sonu'times 
“ clayed,” if of better (pjality, otherwise grayish. Kernel : 
Red-brown to brown-violet. Flavour : Poor, bitter and 
smoky. 

(1914 outi)ut, 1,811 tons. 

Cuba i i ’ > 

(1917 output, 1,475 Ions. 

The increase in production of Cuban cacao is not great, 
though, u]) to 1914, there was a slow rise in production. 
The method of ])reparation leaves much to be desired and, 
though the cacao may be found listed on many of the Euro- 
l)ean markets, most of it goes to Spain. 

Beans : fflat and irregular, often two or tliree stuck 

W,c. 7 
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together. Shell : not easily detached from the kernel 
frequently found with dried })ortions of pulp adhering 
Kernel : Dark violet in colour. Flavour : Bitter bu 
aromatic, in which the chocolate flavour is not ver 
pronounced after roasting. 


Other American Cacaos. 


British HoNDuik.\s 


1914 output, 9 tons. 

1917 output, 8 tons (estimated). 


(’acao is of minor importance in this colony, whicJ 
})roduces chiefly gum chicje, mahogany, bananas and coco 
!Hits. In ex])eriments, Forastero cacaos have shown ‘th 
best growth, but there is no indication that an increase ii 
output of (uicao is to be expected. 


Nicahagua. 

i The Criollo variety of Nicaragua is very flue and large 
even than Vimezuela cacaos. One large jJantation belong 
to the well-known French chocolate manufacturer, M. Meniei 
who grows a Forastero variety. Fermentation at thi 
plantation is carried on for four or live days, the Criollo caca 
for about two days. 

Costa 

11917 output, not known. 

The best class of cacao is obtained^ from Matina nea 
Port Liinon, but the cultivation is of little importance. 


Colombia. 

Approximately 400 tons annually are exported, mostl 
to France, the produce from the Cauca valley being bei 
known in Europe- A considerable amount of the cacai 
grown, Is converted into chocolate in local factories, whic 
flourish Giving to the extreme popularity of the sweatmei 
among the natives. 





'fHE Local AIarket, Trinidad. 
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Mexico and Guatemala 

“ Royal Soc‘oiiusc ‘0 ” lias been attributed to Mexico, 
but, in the district of So<*onusco, Mexico, very little cacao is 
found. The neighbourhood of Tabasco produces, annually, 
about one million kilograms, and ('hiapas about million 
kilograms, Vera Cruz, (iuern'ro and other ))laces about 
half million kilograms eacJj. Tabas<*o is usually consi- 
dered to be the best of tht‘ Mexican cacaog, Ihe tasfe and 
a])pearance of the beans being good, and the aroma not very 
strong. It is owing to the lack of flavour and aroma that 
Tabasco ’ has not met with greater popularity in Europe*. 

.(Guatemala cacao is similar to “ Tabasco,” ol V\g\v\. 
colour and feeble aroma. The ))roduction is esiimated^at 
about 200 tons annually, 

Jt is wortliy of n‘(‘ord that the CVaitral American [>eople 
are not partial to cacaos from abroad for their, own con- 
sum j)t ion, but j)rt*fer tlieir own local produce, each native 
Ids own country’s cacao. Very little sugar is added *or 
necessary, owing to the nuld flavour of the Central American 
cacaos. Apart from the fact tliat Die natives of Central 
America were ])robabIy the first persons to consume choco- 
late, it is surmised that the palate of these peo^de is more 
discriminating, in that they prefer a mild, yet fall-flavoured, 
and only slightly sweet confection to tin* sickly product 
of the European manufacturer, who is compelled to load his 
cliocolate witli sugar, in order to cover the liarshness and 
bitterness of such cacaos as ” IJahia,” ” San Thome ” and 
“ Accra.” 

West Indian Cacaos. 

Haiti output, 2,092 tons. 

1 1917 output, 1,518 tons. 

Haiti was one of the earliest islands to cultivate cacao, 
and it is mentioned in the seventeenth century in that con- 
nection. Pjrogress has been very slow and fluctuating, 
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though, in irtl2, if reached a height tof 3,000 tons. Like 
“ Suniana,” the Haiti cacao is of low quality, owing to care- 
less |)r(‘paration. There is little uniformity among the beans, 
and, often, dirty admixtures, which do not encourage )>opu- 
liirity among the purchasers, are included. The author has 
been unable to obtain sanqdes of genuine “ Haiti ” and can 
give only tli(‘ appearance of the beans as recorded by others : 

Jh'ans : Snydler and of less valu(‘ than those from the 
Am(^»'ican contimait,* but some\Nhat similar to “Para.” 
Shell: Often \(U'y niucli “clayed” and, consequently, 
V(‘ry brilliant in colour. Kernel : Dark browjj or pur])le. 
Flavour: Poor and un|)lei1sant. 

San 

0917 output, 23,900 tons (estimated). 

The republic of San Domingo, though a pait oi Haiti, 
has shown <'onsid(‘rabh‘ progn'ss in ('acao cult i\ at ion. The 
rapidity of th(‘ growth of this industry is shown by van Hall, 
Avho gives figures of total output, in 1890, as lOOO.OOO kilo- 
grams and, in 1912, as 20,<KM),0()0. Tht* laicao is known as 
Samana and is of the variety of smooth Amelonado, 
originally ^irouglit from Trinidad, though tine Vem^zuelan 
P'orastero cacaos liave been inqiorted with some success. 
The main crop is ])icked in March to June, and a less inqior- 
tant croj) in Oetol>er to I)ecember. Of “Samana," there 
aie botli plantation and loi'al (juahties, the latter 
being tlu' produce of the small farmers. The former com- 
mands a rather high price, thougii the Gordian classes 
both as Mittelkakao, which, indeed, it is, being a little 
sujierior to that of “ Accra ” from the Hold Coast. Sanchez, 
San Domingo and Samana, from the last -mentioned of which 
the cacao takes its name, are the chief ports of shipment. 
At present, tlie two first -mentioned ports ship the greatest 
part of the cacao for the district. 

Beans : Of irregular shape, flat. Sliell : Rtd-brown in 
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colour. Kernel : Bltfe-blaek on the outside, dark maroon 
colour towards the centre. Flavour : Bitter and poor. 


Trinidad 


<1914 output, 28,325 tons. 
il917 out]mt, 31,315 ions. 


Most uniform of all the cacaos, to which a j^reat deal 
of attention has h(‘en paid. It was staled a few years hack 
that tlie ca(*ao had (hderioraled in ([ualily, and a (’onnnission 
was ap|)oinled, in 1914, io iiaiuire into lht‘ matter. It was 
found that the Trinidad cacao had fallen in value only 
relatively to some oth(*r cacaos, owinj^ to great (a* can* being 
now tak(*n with the latter. CViollo cacao is not grown in 
Trinidad, })ul niix(*d \arieties, all of Forashao type, inijv(^ 
tilt* hulk of the cataio seem unt*ven. The main (a’Op is 
gathered in XovemlH*r, I)ect*mher, January and F<‘hruary. 
Fermentation is not yt‘t very uniform, and the beans an* 
t*ith(‘r drital diretd or “ clayed ” and “ polish(*d,” as alrtaidy 
descriht*d. Trinidad cacaos art* of the tiiH‘r sorts and usually 
tigure after Ecuador. 

Beans : Large, broad, more or less flat. Shell : Smooth 
and ]K>lish<*d, of red-hiown hue, wdi4*n treated after fernuaita- 
tion, liable to show mould, w)ii‘n nntn*at(*d. K(‘rn(*l : H<*d- 
violet or rod-brown. Fla\<)ur : l*ronounc(*d line cliocolate 
flavour, wlien projierly feina‘nted. Su|)erior “ Trinidad ’* 
(‘omes on the market under variously branded names, of 
which (’haguaramas, La Reunion, 1/Esperance and San 
Juan may be quoted. 


<1914 outjiul. 5,135 tons. 

CiRENADA ^ . 

(191/ output, ;),CKK) tons (estimated). 


Grenada cacao has shown very great iiiqirovement of 
recent years and is clashed among tlie liner (|Ualities. It 
may be compared to “ Trinidad,’’ “ Surinam,” and 
” Carupano.” 

Beans : Smaller than, but similar to, “ Trinidad.” 
Shell: Pale fed -brown, usually loose and easily detached. 
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Kernel : Dark blue-violet, with ])aler fracture. Flavour : 
Slightlj hitler, but similar to “ Trinidad/’ 

Jamaica 

11917 ()ii1])ut, :i,000 tons (eKtimated). 

The increas(‘ in 1b(‘ industry is slow, though of consi- 
derable importance, and is simultaneous with the increase 
in the banana iiidustrv. The type of cacao grown is Foras- 
t(‘ro, as in all tin* Antilles. 

TIh‘ (piality is similar to “ Trinidad,” but slightly 
interior. In the Ainnufl Urjmf of the Dvpurimvni of Agriml- 
fnn\ 1!)M -l.y it is stated : “There is every reason to place 
tilt* liiglH‘st conii(lenc(‘ in tin* soundness of caiaio as one of the 
leading staj)les.” 

Deans : 1 sually tiat and long, irregular. Shell : Ihdter 
sorts similar to “ unclayed Trinidad,” ])oorer (pialiti(s have 
thick shells and are moist to the touch. Kernel : Brown, 
or ]un))le-vi()let . Flavour: Ordy sliglitly aromatic, rather 
biltiu' and harsh. 


Other West Indian Cacaos. 

(:rAi)KU)t rK'^''P outiml, l.lOfKons. 

iltHT output, not known. 

( acao was introduc(‘d into (iuadelou]>e from Martinique 
and is mostly of Amelonado variety, Brogress is not likely 
to be made in cacao cultivation in the island, owing to the 
restricted area suitable for tlie croj). 

Beans : Similar in apj)earance to “ Jamaica.” Shell : 
Gray and often moist to the touch. Kernel : I suallv brown, 
when well lermented. h'lavour : Astringent and poor. 

MARTixigrE • 440 tons. 

il917 output, not known. 

Towards the end of the eighteenth century, Martinique 
and San Domingo ])roduced almost the whole' of the cacao 
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consumed in France, •iind but little progress has since been 
made. As in Guadeloupe, Amelonado variety of cacao is 
mostly grown. 

The })roduct of Martini<(ue is very similar to Jamaica 
cacao, witli wliicli it comj^ares in ]>rice on the Euroj>ean 
market. 

Beans : T’sually long and flat. Shell : “ Fnclayed,” 
often gray or mouldy. Kernel; Violet^ or red-brown, 
usually the former. P'lavour : Slightly acid, vin(‘garv. 

St Ltx'ia output, J.tilo tons. 

(11)17 out])ut, H,()()0 tons (estimated). 

*St. Lucia ca(‘aos are usually quoted in the Jjondon 
market somewliat below the best gradt*s of “ (jr(‘na(fa.'’ 
Tlie methods of ( ultivation ait* much t)u» same as in Trinidad, 
and tlie jaoduct is of about the same* price as the low'er 
(pialities of beans from that island. St. ljucia cacao is 
(juoted (earl\ 11)20), “ ordinary to tine,’* 120.s*. to lfi2s-., with 
‘ Grenada ” at tin* same jirice. 

Dominica . 

111)1 1 output, B(K) tons (estimated). 

Dominica lies h<*tween Mart iniipie and Guadeloupe, and 
there ha> been little or no progress made in the develojuneni 
of tlie cacao industry. The cacao is, in (piality, lower than 
“ Grtnada ” and is unimportant in the European markets. 
It is quoted to-day (early 11)20) at llo.v. to 180.s*. 

St. Vincent 

‘1017 output, 59 tons. 

It is ]>robable that, in St. Vincent, cacao-growing may 
assume some importance in later years. Both in the 
Windward Islands and in tlie Leeward Islands there are 
schemes on foot for instructing students in agricultural 
matters. In the latter islands, Montserrat produced about 
1 ton of caaao in 1914 and about tons in 1916. St. Vincent 
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cacaos ara quoted to-day (early 19fi0) in the market, 
“ ordinary to llo.s. to 180.s*. 

African Cacaos. 

Sv\ TnoMF^^’^^^ out])iit, 82,793 tons. 

1 1 !)1 7 out [mt , 30,388 tons. 

^ T1h‘ i'^laiid of San Thona* is about half covered with cacao 
phuitalions whi|'h j)rodii('e the ))nncipal ero]) in October 
and Nov(*iMl)er and a smaller croj> in March and April, 
hermenlation is usually allowed to continue for five or six 
days, when the beans are dried. According to Chevalier,* 
the (‘oninion varitay of cilcao grown in San Thome is 
“ CV(‘oulo,” originally import(‘(l in 1822 from Jlahia, in 
Hra/il, by the Portuguese, and must not be confused with 
“ Cri(»llo.” (’reoulo amarillo ” and “ Colorado ” are 
both grown, and another variety, called by Che\aliei*. 
TJieohronid sjAKvrorarjxu and by the Portuguese “ Cacao 
car^nja ” or “ ( arupano ” or “Cacao amarillo redondo,” 
is also t(» he <'ommotdy found. San Thome cacao is 
classt'd l»y the (lordian as .Mittelkakao and li(‘s. in (piality, 
h(*l\\(‘en Pallia and Samami ('acaos, l^ngland, (jcrmany, 
Holland ami Anu'rica ha\e all been large consumers of this 
cacao. San Thome was placed fourth on the list of cacao- 
producing countries in 191(), being ])ieceded by the Gold 
('oast, Pra/il and Ecuador, and tell to tiftli place in 1917, 
Trinidad just passing it in the latter year. 

-P(*ans : Verv variable, flat, rather convex on one sid(‘. 
Shell: Hich brown, and easily detached from the kernel. 
Kernel: Hich brown. Flavour: Soft and aromatic to the 
palate. 

C\MFUooN ^ eut}mt, 4,(K)() tons (estimated). 

(1917 output, not known. 

Of the late German African colonies, Cameroon 
(Kaniervin) was the most important in cacao production. 

* Aug. C%v»Iht, ’’ Ijt' dans rOm*8t .Africain.*' 
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Samoa had about ofie- fourth the output of Cameroon, and 
Togo about one-fortieth. “ Cameroon ” is “ ordinary ’ 
eaeao about equal to “ Baliia " and fair grade “ San Tliome.** 
Tlie type of cacao gn>\vn is Forastero, but the planting of 
Criollo types has been considensl. It is doubtful, howt‘ver, 
wheth(‘r Criollo would thiivt^ in this rainy country. Hesid(‘s 
“Cameroon,” tlitue is also an infericxr cacao (*alled “ Viclorii^” 
wliicli is a))oiit on a level for (juality with “*\ccra.” 

Beans : Small, Hat. irregular. Shell : Hough, due to 
im]a*if(*ct artificial drying. Kernel : Dark violet, harsh, 
coarse and bitter to the palat(‘, sonaHimes snaiky, from t)i(‘ 
ar]iticial lH‘at ustsl in drying. 


(ioLi) Coast (Aecnv) 


'IHl t output, 52.88:1 tons. 
I DM 7 out jiut, tons. 


T1m‘ growth of the cacao industry in llu* Colony and 
Protectorate of the Cold Coast is phen()m(‘nal, rising from 
185 tons in 180S to nearly IM ,0(K) tons in D.M7, or a risf* in 
sterling of soim* £7,500 to ov(‘r £d,(KK),000. Jn DM7, the 
Dnited Kingdom took over 40,000 tons, and France and 
America about half that ([uantity (*ach. T}i(‘ variety of 
('acao grown is a Forastero- Amelonado, similar to the 
common San Thome cacao, and ajipears on tlu‘ market as 
” Accra.” Jt is a mistaken notion to imagine tliat Cold 
Coast cacao is unfermented ; it is, mostly, insufficiently 
fermented or careh^ssly fermented, witli tlie result tliat the 
jiroduct is of low (juality. Added to insufficient fermenta- 
tion, the beans are not washed, are canHessly dried, resulting 
in much mouldiness, and are imperfectly select(‘d, if at all. 
Progress is, however, being madt* in instructing the native 
how to secure a better product, and, within the next few 
years, (onsiderable improvements may bo ex})ecied.* 
” Accra ” is at present the lowest grade of cacao on the 
market, with the exception, possibly, of Haiti beans. 


• For agfii ulturai fv|»crirnt*ntj*, nee Hep. /t»p. No 71, Jum*, 1910. 
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Beans : Small and irregular. Shell ? Dirty brown, often 
covered with mould. Kernel : Variously coloured, ranging 
from purple to brown, according to extent of fermentation. 
Flavour : Harsh and bitter. 


Fkrnando Po ^>093 tons. 

^ 11917 output, 3,687 tons. 

The cacao is ^diietly grown in the districts on the coast 
where primitive methods of curing the beans are adojited. 
IJie method of cultivation is similar to that in San Thome, 
l ie general description of tJie beans is the same as for San 
llionie cacao. 


Other African Cacaos. 

Nioehia 4,938 tons. 

11917 output, 15,441 Ions. 

Most of the cacao exported from Nigeria is known 
on the European markets as “ Ibadan ” and is of a low 
grade, inferior to the ordinary Gold Coast product. The 
variety, usually grown, is Anielonado and is capable of great 
nniirovement. The Department of Agiiculture of the 
Southern I*ioyinces is encouraging scientific, methods of 
cultivation and curing, and it is probable that improvement 
in the (luahty of the cacao will be shortly noticed. 

quahty * 

Uganda output, not known. 

• 1917 output, 15 tons (estimated). 

Uganda is making only very alow progress, but is being 
encouraged by the establishment of experimental stations 
a«d^^lH«where. Sierra Leone also grows a small 
amount of cacao, but, owing to its bad climate, is not likely 
“ cacao-growing colony of any importance. 
Much the same may be said of East African Protectorate. 
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Samoa output, 650 tons (estimated). 
il917 output, not known. 

Both Criollo and Forastero tj’pes of cacao are grown, the 
former resembling Java and Ceylon Criollo. 

Pijj ^1914 output, 5 tons. 

(1917 output, not known. 

The production of cacao is unimporti|nt in Fiji and is 
unlikely to be extended, owing to the cyclones, prevalent in 
the neighbourhood, and to the inountainous nature of the 
district. 

(1917 output, not known. 

Seychelles.— About | ton annually. 

The cacao industry in both Mauritius and Seychelles 
is of little iiiiportance and dying in the latter place, where 
more attention is being given to grow'ing coconuts, vanilla 
and rubber, and to the fisheries. 

Belgian Congo I output, 476 tons, 

11917 output, 765 tons. 

Tlie Belgian Congo has not yet become an important 
cacao-producing country. The cultivation is in the hands 
of small proprietors, who pay more attention to rubber than, 
to the production of cacao. 

Asiatic Cacaos. 

Ceylon output, 2,731 tons. 

11917 output, 3,685 tons. 

Ceylon Criollo or “ Old Red Ceylon,” famous all over the 
world, is gathered in October to January. The beans are fer- 
mented, and they are usually washed when a short fermentation 
has been adopted, plantation ” Ceylon ” being particularly 
clean. The Ceylon beans resemble the Jaya produce closely 
and are of light colour and sweet taste. The produce of 
Ceylon i^Tnot umform, and there is a good deal of poor cacao 
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put on the market. The native “ Ceyloti ” is usually of the 
lower quality, and, owing to the introduction of Porastero 
tyjK^s, much of the cacao is of j>oorer flavour than the best 
“ Old Red { Vylon.” 

Means : Very jdeasing appearance, smooth and round. 
Shell : Clean and light coloured. Kernel : Usually clioco- 
lal 4 *-hrown, soinetiines violet. Flavour: Mild and sweet, 
when })roperly h^niented. Ijower (pialities often bitter or 
astringent. 

I out] Mil, 1,55.5 tons. 

11017 outjmt, 1,500 tons. 

I^ke (lu‘ Ceylon Criollo, Java Criollo is of very 1 uh‘ 
({uality. This variety is usually fermented for oiie to thna^ 
days, and ('V(‘ry day th(‘ cacao is turned over at least once. 
The Porastero variety is fermented a little longer, and th<» 
beans are laairlv always washed. As in Ceylon, the beans 
are ch'ied in the smi, whenever possible, and sorting is caiefully 
carried out. The r(‘sult is an excellent ])roduct, generally 
uniform in (juality. All the Java cacao is shipj)ed to 
Amstt*rdam aiid sold at public auction from each jdantation 
separately. “ Widodaien " and (letas ” are the names 
of two of these plantations. There is soiiie poor quality 
“ Java ” [Hit on the market, especially that infested by the 
cacao moth,” which attacks the ])ods and the beans before 
[licking, and which causes enormous losses annually. 

Beans: Rather larger and rounder than the best 
“ Ceylon.” Shell : Slightly lighter brown than Ceylon 
cacao. Kerm‘1 : Ihile brown. Flavour : Mild and some- 
wJiat aromatic. 

Other Asiatic Gacaos. 

The other islands of the Archipelago, besides Java, that 
produce cacao tire Celebes (Makas.Har and Menado), Temate, 
Amboina, Sumatra (West and East) and Bali, to a total of 
some 60 tons annually. 
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Judging Cacao ^or Cocoa and Chocolate Making. 

“ De gustibus non est diKpufandum,'' Tlie British like 
“ Trinidad/’ the C’entral Americans ])refer their own local 
])roduct, anti each is an instance of insiilaril y or conservatism. 
There is, however, no doubt that, in order to obtain con- 
tinuously a uniform cocoa or chocolate, blendinp; is necessary, 
owing to the natural variations that occur in the beans a*ul 
to the variable methods of curing, which l^tve not yet been 
standardised in every cacao-i)roducing country on a scientific 
basis. “ Value for money ” is, of course, the ]>rinci[)le that 
rul(*s the market ])ri(‘e, and value is based upon the aromatic 
(malities of the kernel, the actual “ ndurn ” ])ossible of 
kernel or “ nibs ” from a bulk of beans, and certain (ft her 
(jualitications, such as j)erc(uitag(*s of fat and theobromine. 

The best cacao is obtained from tlie best stock, Criollo, 
P\)rastero or Calabacillo, in the order named, and must bi‘ 
fermented correctly, i.c., on a scientitic plan, and must be 
washed and dried sufficiently, in ord(*r to bring the beans on 
to (he market in good condition, witliout adhering pulp or 
earth and without jnould. 

So far as tlie exteriors of the beans are concerned, tJiey 
should be cinnamon-coloured, and not black or gray, mouldy 
or patchy. However, many marks cannot be judged on 
their outside appearance, as oftim litth^ or no attention is 
jiaid to this aspect in their preparation, the (olour and aroma 
of the nibs ” being the chief points of imjiortance. Again, 
as in Trinidad, the beans may be “clayed ” and “ polislual,” 
or “ clayed ” only, as in some Venezuelan cacaos, jirocesses 
which, whilst adding to the attractiveness of the appearance, 
and, in most particulars, [irotecting the beans from deteriora- 
tion by damp, etc., are open to objections, in lliat they add 
weight to the husk, a refuse or by-product in the process of 
chocolate and cocoa manufacture. Ijosses due to husk (and, 
consequently, to any weight of earth attached) are considered 
later in tables of analyses. 
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With regard to the interior of the J^eans, the kernels or 
nibs should part easily from their shells or husks on 
crushing between the lingers. The whole bean should be 
crisp or brittle and should break down easily, the interior 
and exterior separating readily. Unfermented cacao does 
not behave in this way, and the kernel is deej) violet or 
pyrple in colour, with a sour flavour, and is difficult to 
sej)arate from its shell. 

As has been already observed, fermentation modilies 
both the colour, from viohd to chocolate-brown, and tli(5 
tannins and other astringent matters by oxidation to less 
object ionabl(^ substances. *Conse((uently, an inij)erfectly 
fermented bean will be both violet in coloui* and bitter or 
astringent to taste. Sometimes, if the beans have been 
allowed too much fermentation or are improperly washed 
and dried, a distinct sour, vinegary odour will be noticed 
which, whilst being largely removed in the subsequent 
roaT^ting, is indicative that care has not been expended 
in their curing on the plantations. 

Another item to be considered in judging cacao is the 
number of beans going to a given weight, or the weight of a 
given numbi^r of beans, the heavier the beans the higher the 
price, all other things being equal. 

Thus one record * is shown as follows : — 


Caiao. 

Trinidad (ordinary) . 
Trinidad (good). 
Trinidad (tine) . 
(trenada (medium) 
(trenada (tine) , 
Caracas (good) . 

San Domingo (good) . 
Burinaipii (hne) . 
Surinam (email beans) 


Wi'ight of leu bcanti. 

9H griiinnies. 
132-2 
178-7 
104-5 „ 

131-0 „ 

130-3 
110-0 „ 

122-0 „ 

71-5 


* ** Fftbrioation du Chocul^kt,” 


1010, 


by J. Fritech. 
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Bahia (good) . . . 118-0 grammes. 

Mexico (good) . , . 136-5 

Africa (good) . . . 128-0 


Or. again, some coini)aiativ^ figures from the author's 
laboratory show the following : — 


Gactto. 

Nt> of boaii8 
weighing 4 ozs. 

Lomh on 
roiuiting 
Per cent. 

Price (I'arly 

Grenada 

. 120 . 

5*7 

• 12fi.v. to 127s 

Grenada 

. IIG . 

51) 

. 12G,s-. to 127s 

Grenada 

.126 . 

6-2 

. 120s. t o 127 s, 

Trinidad . 

. 04 . 

7-1 

123s. 

Venezuela (fim*) 

. 72 . 

‘ 6-25 

107s. (VI. 

Accra 

, 116 

5-35 

112 ,sr 


In flies(^ last cases, it will be observ^al that size had little 
or nothing to do with the market juice, but, as will be seen 
from the column under “ Loss on Boasting, ’* the Trinidad 
beans were more dirty or moist than the Orenada cacao 
and were, consecjuentl}^ of an inferior grade. 

The amount of total ash is indicative also, to some 
extent, of the cleanliness shown in j)re])aration of the cacao, 
or of the amount of earth left on the shell. Tlie following 
table is by Fritsch : — 


Oaea^i 

AmIi j>er lent, of the whole bean. 

Trinidad (ordinary) 

. 3-87 

Trinidad (extra tine) . 

. 302 

Trinidad (good) . 

. 3-64 

Mexico 

. 427 

San Domingo 

. 2-82 

Grenada (fine) 

. 812 

Grenada (medium) 

. 806 

Caracas 

. 4-58 

Bahia 

. 8-31 

Africa 

. 2-68 

Surinam (fine) . 

. 806 

Borinam (small beans) . 

. 815 
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The value of washing oacaos is shewn in the following 
table, taken from a Ke))ort of The Iini)erial Institute (June, 
1910 ) : - 


• 

MrfluKl of preparation 

f 

1 

Husk 
i IVr .x-nt 

Calcuh 

.M oistiiro. 

I. 

I'Vrnu'nlfd 8-5 tltya, anti washed 

1 8 0 

4 .V) 

IVa. 

Kt'rmentt'd 4 5 <layn, and waxht'd . 

, 8-0 

4-87 

IVl> 

Ferment <*d 4 bdayx, iinwa.shed . 

' 8 0 

4 75 

Vit. 

Fermented 0 5 dayx, and wusIkmI 

i 8-0 

4-89 

VI. 

Fermentetl 9 5 tlayH, unwaxhed . i 

i 11-4 

5(M) 

Via. 

Fennenletl 7-5 days, and waxhed , j 

' 84 

4 55 

VIb. 

Fermented 7 5 days, unwashed . 

104 

4 90 


48 29 
4H«:3 
4(jl7 
44r>l 
45 30 
44 50 
45.2«» 


Tahlk XL — Vroportion of Nibs, Husk and Germ in 
so7ne Cantos, 


I. TniiidHil 


3. 

4. 

5. 


(Sun .luun) 


0. (JiTnu<ltt 

7. 

8. 

9. 

10 . 

11 . 

12. 

13. 

14. St. Lucm 

If). 

1 ( 1 . 

17. 

18. 

19. }\irrto CulKdlo 

20. Vfriexuclii 

21. „ (Fine) 

22. Aoeni . 




-- 

— -- 



- — 

i 


Alter roastiiiK 



! .NniiiI.er 

1 of heniiN 
i |HT II. 

MIm 

Hiisk 

lierm 

Fat In 
nibs. 
Per cent. 

].o»H on 
roasting. 
Per cent. 

_! 

Per <‘ent. 

Per e« iit 

IVr rent 

1 

1 380 

85-50 

1.3 74 

0 91 


9-2.5 

1 288 

83-09 

15-95 

0 70 

53 92 

7 14 

< 440 

87 -IM) 

1 1 2.3 

0 81 

52 83 


! 379 

87 32 

1 1 -9.5 

0 73 

49 78 

7-10 

1 339 

84 51 

14 94 

0-97 

.52 74 

2-98 

' 399 

89 82 

12 40 

0-78 

55-70 

__ 

! 432 

82-09 

13-49 

0 82 

59 20 

4-49 

! 420 

84 8.3 

14-19 

tl-91 

4690 

4-49 

! 444 

89 25 

12 49 

0 80 

,54 98 

5 39 

j 420 

87 02 

12 19 

0-71 

59-23 

j 5 35 

; 384 ; 

87 15 

11 97 

0-75 

53 94 

1 5-35 

1 428 

8.5-18 

13 90 

0-67 

49-40 

536 

! 424 

83-48 

15 38 

1 -02 

50-92 

3.57 

i 428 

89-30 

12 94 

0-97 

52-52 

3 57 

j .392 

85 79 

13 29 

0-79 

.50-90 

3-57 

1 412 

89-19 

13-07 

0-73 

54 19 1 

5-80 

1 394 

85-99 

12-81 

0-78 

68 10 

4 46 

i .388 

89-14 

15-00 

0 71 

55 24 

3-57 

i 352 

85 18 

13 -.50 

0-79 

53-94 

1 70 

i 479 

78-00 

20 10 

092 

61-78 ; 

9 25 

1 288 

89-05 

13 15 

0 73 

52-90. ; 

625 

1 494 

89 31 

9-77 

0-90 

52-.36 

5-35 


Finally, lha variations shown by the same class of beans 
in the “ return of nibs,” ” number of beans to the pound,” 
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and ‘‘ loss on roastifig/’ can be seen in the figures in 
Table XL, selected from many prepared in the author’s 
laboratory in 1920. 

Kidenour, in 1895, showed some interesting figures some- 
what on the same lines, though this ex))erimenter made 
complete analyses, some of which are recorded later. Of 
these cacaos, mentioned in the next chaj>ter and analysecf 
by Ridenour, the Ibllowijig are the average Weights of fifty 
of the beans : — 

Raliia, 0*85() grammes ; Surinam, 1*175 grammes ; 
Java, 0-994 grammes; Grenada, 0-920 grammes; Arriba. 
1*4J4 grammes; Maracaibo, 1-B04 grammes; Caracas, 
1*214 grammes ; Trinidad, 1*189 gi-ammes. 

Yet another worker, Brayning,* has recorded the average 
weight of beans and the ]>roportion of shell to kernel in a 


number of cacaos, thus ; 

Kernel 
iVr e<‘nt 

Shell. 
Per '“ent. 

Me*n weight of 
iiiiMheiled i^eanH. 
OrarnmeM. 

Java 

. 92-9 : 

7-1 

. 1-2B6 

San TJioine 

. 92-B . 

7*7 

. 1*B48 

Surinam (1) 

. 91-4 . 

8*6 

. 1-149 

Trinidad . 

. 90-9 . 

9-1 

. 1-286 

Para 

. 89-8 . 

102 

. MB6 

Porto Plata 

, 89-5 . 

10*5 

. 1-292 

Haiti 

. 88-G . 

11*4 

. 1-B17 

Bahia 

. 88-4 . 

11*6 

. 1*379 

Puerto Cabello . 

.88*1 . 

11*9 

. 1-598 

Surinam (2) 

. 88-1 . 

11*9 

. 1*687 

Guayaquil (Machala) . 

. 88-0 . 

12-0 

. 1*537 

Guayaquil (Arriba) . 

. 87*0 . 

IB-0 

. 1*628 

Carupano . 

. 86-8 . 

13*2 

. 1*469 

Caracas . 

. 80*6 . 

lB-4 

. 1*504 

Grenada . 

. 86*6 . 

18*4 

. 1*280 


The following descriptions of different varieties of beans, 
recorded by the author at the commencement of 1909, 

* Brayning, Jimr. i'A^rie. 1001, 31. 



114 


C(K'(fA AND CHOCOLATE 


compared with the market prices at thAt time and with those 
at ])resent, ruling, give some indication of the relation that 
exists between physical characteristics of the beans and their 
value to the chocolate manufacturer. 

Ordinary Javiaim (50.s‘., 1909; llRs., 1920). — Bean: 
Irregular, dam]) to the toucli, strong vinegary and winy 
«dour. Sljell : Dump, not easily detacliable, tough, some- 
times covered with white efflorescence, 11*1 ]>er cent, of the 
bean. Kerne! : Harsh and bitter, ])ale violet to red-brown, 
usually showing white at fracture. 

Nntivr Ceylon (oDs., 190il*; lOO.s*., 1920). — Bean : Medium, 
irregular but fiat. Shell : Thin, dirty, not easily detached, 
10^75 p(‘r cent, of the bean. Kernel : Dull red-brown. bitt(‘r 
but ])!easant flavour. 

SVia Thome (oo.s'., ltK)9 ; IHl.s., 1920).— -Bean : Small, 
dry, clean, shiny, Hat. Shell : Cinnamon-brown, thin, dry, 
showing veins, easily d(‘tachable, 11*07 per ceiit. of bean. 
Kernel : Violet -brown, pleasant aromatic chocolate flavour, 
dry and brittle. A good, chea]) bean in 190tf. 

tSuperior lUihia (57.^., 1909 ; 130.v., 1920). — Bean : Small, 
irregular, showing veins. Shell : Varying considerably in 
cleanliness, dry, thin, readily deta(*hable, 11*3 per cent, of 
the bean. Kernel : Bed-brown, uninteresting, bitter. 

MMUnipred Trinidad (62.s*., 1909 ; 137.s'., 1920). — Bean : 
Irregular, hard, <‘lean, fiat. Shell : Bed-brown, thin, tough, 
not readily detached, 12*5 per cent, of bean. Kernel : 
Tough, rich violet or violet -brown, ))leasant cacao flavour. 

Fine Guayaquil Arriha (72.s*., 1909; 170,s*., 1920).— 
Bean : Irregular, rough, flat, dry jvulp often adhering and 
causing beans to stick together. Shell : Bed-brown to 
nearly black, dry, not easily detached, 11*2 per cent, of bean. 
Kernel : Rich dark brown, line scented flavour, diy^ and 
friable. 

Finest Trinidad (70s., 1909 ; 146s., 1920). — Bean : 
Medium, irregular, slightly flattened. Shell Thin, dry, 
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showing veins, not easfily detached, 15-9 per cent, of bean. 
Kernel : Brown to violet, tine cacao flavour, slightly bitter. 

Good Plantation Ceylon {11s., 1909; 2()0.s\, 1920). — 
Bean : Plum]), olive-sha])ed. {Shell : Thicker than “ Native 
Ceylon,” brick-red, veiy clean, dry, easily detaclied, 7*4 ))er 
cent, of bean. Kernel ; Brown, tine, ])leasant aromatic 
flavour, soft and fatly. 

Good Middlimj Costa Pica (5(>.v., 1909).— «Ih‘an : C1ea!), 
hard, dry, shiny, flat on one side. Shidl : Dry, thin, easily 
detachable after (he bean is broken, 10*5 per cent, of tlie 
bean. Kernel: Friable, slightly bitl(‘r and astringent, 
devoid of {)ronounced flavour. 

{Some figures, giv(M) by Hart , on the valuation of cacao afe 
interesting. He showed three samj)les : 1. “ Venezuelan 

Fine Clayed,” valued at 14 cents. })er pound ; II. “ Trinidad 
Fine Estates,” valued at 14^ cents. i)er ))ound ; and III. 
” Trinidad Ordinary,” at 14 cents. ])er i)ound, and lie 
estimated the losses during roasting, etc., in much the same 
way as is })erformed in the author’s laboratory. The 
following are Hart’s results : — 


Table XII. — Jjosses in Manufacture of Cocoa Powders. 


I 


ioib». 


1. Weight weived .... 

2. When roiutted and cleaned . 

3. Weight of huak .... 

4. Weight of dry cacao after fat was 

removed .... 

а. Weight of fat extracted from (2) 

б. Lom during roaiiting and cleaning . 
7. Lom during grinding and ex preeeing 

of fat . . . • . 

6. Tot^ lom io manufacture 

] Dry cjM^ao powder 
I Fat 



I. 1 

Vciw'xuelnn. i 
1 4 cents. 1 
per lb. ^ 

Trinidiul. 
14i centit. 
JMT lb. 

III. 

TrinUUd 

14 j 

I>er lb. , 

Lbs. 

Um. 

Lbs. 

10 

!o 

10 

7 5'> 

7*80 

7 -HO 

im 

1 «3 

153 

5-50 

5*(J0 1 

5*48 

1 23 

164 

1*01 

0*77 ! 

0 51 

0*67 

0*82 i 

002 

0^1 

1 59 1 

1 13 

1 30 

Percent. { 

Per cent. 

Per cent. 

55-0 \ 

50*0 

548 

123 j 

10*4 

10 1 

S2'7 


M » 1 Ilf 


a— a 



1J6 


race A and chocolate 


The losses, shown, are certainly greater than those occur- 
ring in bulk, and it will be noticed that the clay, when 
comparing samples II. and 111., is estimated at about per 
cent. 


Tahl)-; XI II. Ai^mufe Wrujhts and Dime/tision^i of Fresh 
• and Cured Feans, 


Am ha . 

MiK-lialrt . 

Hfthia 
Trniidml 
duraciiH . 

Ciimo (’Hlx'llt), 
eoyluii . 
davu 

Nurutv 

H(»raxttT(i Lt'<o (uAatddo 
Foriwtt‘n. Luo Amanlh 
Kdraxtcm Amelonado fK‘qu, 
Fciraxtero Hiiu'iotuuio 
rhcitimmin ftfduvnKnrjm 


A\or>iK<‘ for tur 

Longtli Breadth. 

I'd liean-s. 

Thieknesa. 

A^erage 
>eight of 
eiireil 

( 

Average 
weight of 
fresh 

ill inlili- 111 iiiilii. 
metres. [ metrea. 

1 

In iiiilll- 
rnetrea. 

henna. 

tw'ans. 

24 ■ 1;, 

0 

(Jrins. 

1 75 

firms. 

22 1 la 

5 

117 


2a 14 

4 

1 20 


2r» 18 

4 

1 -29 


2 a ir» 

8 

1 77 


24 i 15 

8 

1 25 


20 12 

7 

1(M) 

_ . 

23 1 12 

9 

0-8(1 


25-88 • 15-12 

10-83 

1-0(1 

3-89 

25-53 j 14-37 

9 98 

1 34 

3 34 

24-78 14 13 

8-40 

0-93 

2-1 1 

25-18 i 14-82 

8-83 

1-29 

2-80 

21-20 15-02 

I 

91 a 

Jl’l 

2-54 


Tho figures, si, own in Table XIIL, are not, of course 
in any way absolute, but. merely indicative of the average 
Size and weiglit of the different varieties. 

To rH-apitulate briefly-a well-fern.ented bean is apparent 
by Its brittleness and the ease with which the shell is 
removed from its kernel, and from the brown colour (with 
absence o v.olet) of the interior, from its mild flavour and 
absence of bitterness and astringency. This applies to the 
letter vanetms of cacao grown, and. clearly, the charac- 
teristics must alter somewhat for different districts. 

Caracas.” “ Puerto Cabello ” and “ Maracaibo ” are 
often covered with fight red or brick-red earth, " Trinidad ” 
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being often the sam€P, only with smooth polished surface 
instead of “ matt.” Java and Ceylon eacaos are usually 
very clean. Ecuador cacaos are very uneven in colour and 
appearance, but the finer sorts are of very high (piality, and 
they command high ))rices. The finer (pialities of Venezuela 
(Western), Ceylon and Java cacaos are pale brown inside 
and of very mild and somewhat sweet flavour. • 

Generally, the darker the kernels the lyore bitter the 
flavour, and, though many of the finest sorts, such as 
” Caracas,” ” Arriba,” ” Puerto Cabello,” etc., have a 
pronounced chocolate flavour even before roasting, in most 
cacaos the aroma is hidden by the vinegary smell (acetic 
acid), developed during fermentation. 

Cacao Tasting. 

Schulte im Hofe recommends the testing of cacao by 
taste as well as by observation of colour and aroma. Fifty 
grammes of the beans are roasted, shelled and cooled. The 
nibs are crushed in a i)estle and mortar or small mill and 
rubbed down to a fine i)owder, of which (> grammes are added 
to 100 CCS. of water and brought to the boil. H. H. Smith 
recommends the use of half water and half milk, to replace 
the water. The infusion is judged for flavour, aroma and 
colour. 

The present author uses a small coffee roaster, holding 
1 lb. of beans, and has been able to get consistent roasts 
with a little practice. As seen from the foregoing tables, 
the samples are judged for ” refuse ” (shell and germ) and 
“loss on roasting,” besides colour, aroma and flavour. 

The development of the aromatic oils, which takes place 
during the roasting of cacao, just as during the roasting of 
coffee, is of the greatest importance to the manufacturer 
.who considers the flavour of his cocoa and chocolate, and 
must, consequently, be taken into accomit when a variety 
of bean is purchased. 
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The j)erc*(*ijlage of moisture and fat, both of great 
(conoinic imponance to the manufacturer, cannot be 
accurately gauged by consideration of the external qualifi- 
cations of Die bean, alone, or Avithout aid of the chemist. 
Jt is i)roj)os<^d, therefore, in the next chapter, to give* the 
chemical cojnposition of the commeicial bean in general and 
«of th(‘ vari(‘ti(>s in |)articular, found by the author and by 
oth(‘r Avorkers^ among Avhom should be mentioned Eidenour, 
Harrison, Zipj)eror, l)ekk(‘r, Booth and EAvell. 



CHAPTliR IX 


COMPOSITION OF CA(’AO HEANS 

Cacao beaus, in (‘oiiinion with other seeds, contain fill 
the substances necessary to nourish the. ^Towinj^ plant 
during germination, and, apart from water, the component 
parts may be divided up under the headings “ organic ” and 
“ inorganic ’ constituents. 

Tile organic bodies may, in turn, be di\ idtal as follows : — 

(1) Carbohydrates such as starch, cellulose, liftnin, 
saccharose [sucrose or cant'-sugar], glucose. 

(2) Oils and fats consisting in the main of oli‘in, 
palmitin, steaiin, and tht‘ir mixtures. 

(B) Pectose grou]) -pectose, jiectin and pectic acid.^ 

(4) Vegetable acids — such as tartaric and ac(‘tic acids. 

(5) Albuminoids or jiroteids such as vegetable albumen. 

(()) Amides — diffusible nitrogenous bodies, such as 

asparagin. 

(7) Extractives — such as chlorophyll, tannin, and the 
alkaloid^. 

The inorganic constituents consist of salts of various 
metals, which occur in plant life mainly as : — 

' Phosphates 1 
Nitrates 

. , I Silicates j Potassium. 

Inorganic acids | Sodium. 

Chloiiiles i Calcium. 

I Carbonates of ! Magnesium. 
f Oxalates j { Iron, 
j Malates i Manganese. 

Organic acids -i Tartrate t Aluminium, 

j Acetat-es j 

! Citrates j 
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Tablk XlY^—AmlyseH of Raiv Beai^s of Calabacillo 
Varidyt groicn in Trinidcd. 




iiticles and [>ulp. 

Cuticles 

Kernel. | 

Frwli 

Dried. 

Fcniien- 
fiHl and 
cured. 

DriwI. 

Fermen- 
ted and 
cured. 

Fresh. 

Dried. 

Fermen- 
ted and 
cured. 


61 

78(1 

5 (HHI 

7 160 

12 4(M) 

I2 4(K) 

37 6.37 

5 OtX) 

6-080 


3 

U04 

0 704 

7-213 

6-002 

6-750 

6 606 

10 202 

7-310 









0-800 

.3-406 

Kf.tiauK tunttcr 


274 

0 681 

3 500 

I'rai'es. 

4 006 

0.5.31 

TlM^ohroiiiliic . 

1 

814 

24)23 

1 .540 

1-500 

1 023 

1 352 

2 050 

1 650 


0 

i)7r» 

01 86 

0 103 

0 272 

0 355 

0-108 

0-164 

0-058 

flit 

ir> 

:i6i 

38 181 

40 744 

2 046 

4-000 

20 2.56 

44 574 

48-400 


f> 

862 

2 143 

0 0<W) 

4 811 

0-476 

0-001 

1-510 

1-000 


0 

032 

0070 

0 024 

0 240 

0-143 

3'races 

Traces 

At/. 



406 

5 080 

5 240 

6 271 

4 865 

3 764 

5 7.35 

5.329 

AMrIitKiMif iiiMttcr 

2 

776 

0 IMK) 

5 306 

2-621 

2 11.3 

.5-004 

7-624 

5-072 

iVrtlti, »*C' 

0 

773 

1 822 

2 671 

5 408 

6J40 

0 657 

1 .)86 

1 -050 

! (‘«(Hii-rH 

1 

772 

4 404 

2-420 

3 301 

30)K) 

2 052 

4 407 

2 .3(K) 

i tttirp, rf( 

4 

847 

12048 

11 615 

36 388 

35 721 

5 112 

7 287 

6 182 

1 N^iKidv filin' 
j 'rurturli (free) . 

2 

211* 

5 .515 

5 .503 

8 032 

0 840 

3-030 

4 617 

4 600 

0 

253 

0 620 

0-.535 ' 

2-013 

0 420 

0 070 

0 120 

0 560 

1 Aci'tlr «< 1(1 (frt'c) 

A 

•/. 

Ai/ 

0-860 

Ai/ 

0 720 

Ad. 

A'l/ 

1 0 000 

! 'r»rtarl» Held U'l'iii- 









1 

liiiiwl) . 

(1 

•H»2 

0074 

1 114 

2 010 

3 450 

0 477 

0 726 

0 624 

i Iron jK-nikldc 

(1 

018 

0 044 

0 105 1 

0 026 

0 057 

0-0, 12 

0 048 

' 0 11.5 

MiMfru'Dlu 

0 

22:. 

0 550 

0 686 1 

0-756 

0000 

0 .i24 

0 403 

, 0-621 

, Mini' 

(» 

054 

0 134 

, 0 207 1 

0 3.'84 

0 266 

0 054 

0 082 

0 196 

I’dtiiiih 

(» 

528 

1 312 

1 1 125 1 

1 260 

1 821 

0 142 

1 283 

0 980 

; Sodft 

(1 

143 

0 3;»5 

0-120 

0-272 

0 210 

0 2.50 

0 364 

0 477 

HIIIch 

(1 

o<m 

()•022 

' 0 065 

0 013 

0 2(MI 

0016 

0 024 

0 037 

Hul|iiitiri(' lutlivdrklc 

0 

l(‘4 

0 482 

; 0057 

0 130 

0 085 

0-070 

0 120 

0-051 

I'lKih|ilu»rl( aiilijdridc 

0 

442 

1 008 

' 1 113 

0 76.3 

0 012 

0-740 

1 141 

1 179 

! Clilorlni' . 

0 

012 

04)44 

0020 

0 1 10 

OOlO 

0-010 

0 028 

0 021 

j 

1 
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100 310 

; 1(H> UOO 

100 (KM) 

m) UIH) 

UK) tKK) 

100 IMMl 

i 100 (KK) 

1 ToUl i»ltn>K»*n 



1 542 

1 2 134 

1 542 

2 134 

1 603 


1 2 240 

1 


In (*aciu> beans, the most iinj)ortant organic and inoiganic 
eoinpoiinds occurring are water, starcli, fat, glucose, albumen, 
theobromine, cacao-red, cellulose or fibre, a small (juantity of 
cane-sugar and mineral or ash. whicli last consists of silicates, 
]du)s|)hates, sid[>hates, chlorides, and carbonates of potas- 
sium, sodium, calcium, magnesium, iron and aluminium. 

The for(‘going table, which the author has arranged from 
a collection of strictly com|)arabIe analyses, made by Pro- 
fessor Harrison, throws more light on the composition of 
cacao beans than any number of words. This remarkable 
set of analyses was conducted with the intention of ascer- 
taining the changes'taking place in the cacao bean during 
fermentation, but, in the general way, it is quite unnecessary 
to cany out any such elaborate analysis. 
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An analysis of Saa Thome cacao made in January, 1910, 
showed the following to be the composition of the husks and 
kernels ; — 


Moisture . . . per cent. 

HumIch. 

1215 

Kernel R. 

7-30 

Ash . . . 

7-25 

3-72 

Nitrogenous constituents , 

15-7() 

. 13-73 

Fat 

2-81> 

. ')0-(X) . 

Theobromine . 

0-62 

1-37 

Starch . . .... 

— 

G-25 

Cellulose . . . 

15-98 

3-13 

The following analyses of raw commercial 

cacaos, after 


removal of husk, by Eastes and Terry,* arc more typical of 
general requirements : — ‘ * 


Table XV . — Analyses of Kernels of Kaw Cacao. 


/ 

Kind of t-arao. 

1 

j MoiHturc. 

1 

Kat. 

i Theo- 
! bromine. 



Aah. 

H,C 04 . 

( 'aracan 

. j 4 7r. 

r>:» (io 

I 1 -68 

2'7« 

• 

1 36 

( 'aru]>an<> . 

. 1 5 (U 

47 :w 

fi'87 

3 69 

1 39 

(Jrenada 

. ; r> .lo 

47 12 

1 L42 

2-81 

091 

(•iiayaquil 


.%2 «7 

j 1 74 

3 28 

0-85 

Para 

. 1 4 ;{» 

r>7-C7 

i 1 (Hi 

3<KI 

1 .'Ki 

Suriuaiii 

: 2 r>r> 

.'>3 7f» 

j 1 42 

2 44 

085 

Trinulad (Ckiinmon) 

. ! 5 62 

4,5 71 

1 1 05 

2-79 

0-89 

Tnnidad (St. Antonio) 

. j 4-72 

r»:i57 

' 1 94 

i 

2 70 

M5 


Table XVI . — Analyses of Kernels of Haw Cacao. 



Oatiia. ! Surinam 

1 

Java 

Orruada. 

(•uava* 

Arritm. 

Surinam 

(Mara- 

caibo). 

< sraraa. 

TrtukUwl. 

Fat 

42- 10 1 

41-03 

45 50 

44 II 

43 31 

42 20 

36 81 

43416 

Theobromine . 

108 ' 

f)93 

1 16 

0 75 

0 86 

1 -03 

1 13 

0-85 

Albuminoids . 

7 60 ! 

10 64 

9 25 

9 76 

10-14 

11 66 

10-59 

11-90 

Glucose . 

107 

1 27 

1 23 

1 81 

042 

1-09 

2 76 

1-38 

Sucrose . 

0-61 I 

035 

0 51 

05.5 

1-58 

1 36 

1 66 

0.32 

Starch 

7-53 

361 

6 17 

627 

6-37 

1-69 

3-81 

4-08 

Limin . 
Cellulose 

7 86 i 

3-90 

6 10 

5-55 

4-62 

7-16 

3-28 

5-05 

13-80 i 

16 24 

13 85 

13 49 

14-07 

17 32 

16 35 

*13-01 

Extractives by 
difference 

8 99 i 13 63 

8-90 

972 

9-00 

6-79 

12 72 

831 

Moisture 

6 96 1 

666 

5 12 

5-28 

5-90 

5-67 

663 

634 

^ . . 

3*60 i 

3-05 1 

331 

271 

8-73 

4 13 

4 36 

3-60 


•* EaifteH and Terry, Pharm. Jaut. (3), xv., 764. 
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A very large number of analyses pf commercial cacaos 
have been made by Ridenour,* a few of which are given in 
Table XVI., and represent the composition of the husked 
bean. 

Fi)sing(*rt pointed out that these figures of Ridenour 
could liot b(^ taken as representing normal beans, but, with 
tjH‘ exce])tion of tin* low ])ercentages of starch in the beans 
from Surinam, and the rather low fat values, there are no 
important differences in the figures from those obtained by 
other observers. 

The n(‘xt table shows analyses of the husked bean, made 
by various investigators at widely differing times : — 

Ta)ii,k XVII.— ()/ Kernels oj Kow Cacao. 



Oun\uquil < uraM-aw 


Trinidad. 


Surinam. 

Oiiiatia 

KoniH- 


i 








tcro 

• 

I in i III IV 

! 1 j - ' _ 

V 

VI. 

VII, 

VIII 

IX 

X 

M. 

\I1. 

iih'r 

Albumni 

'nnHibroinliK- 

' :{6H 6.TI' 4 7.'. 

! 1 4 ;it» 1 , 11 r,6 

1 2<l j 1 74 1 0 a.'t 1 OM 

6 .50 
16 M4 
0 77 

6 20 
I5:16 
(>•40 

5 82 

1 05 

6 67 
14 an 

5 2a 

j la 26 
! 0 84| 

7 07 
21 11 

0 .50 

1 42 

• 

6 :{o 

6 10 1 

1 70 1 

Slanh 

VV<Kalv film' 

4.’! 4» j .52 97 ' .'|2 6H 5:1 65 1 
I4;mj j M-2W, ; 

50 ai 

7 65 

51 .57 
11-07 

4.5 71 

.54 60 

i .50 44 

1 4 20 

50 86 

641 

53 70 

52 10 ! 

6 80 1 

(wllnicmo, ♦•!(■ ) 
Aitb 

5 HO' i 2H9, ! 

a 50 ; a 2H 1 4 11 2-76 | 

a (M> 

4 17 

a 07 

1 2 87 

1 

2 70j 

2-45 
2 87 

1 

6 40 
”■'•1 

a 02 

2 72 

2-44 

18 IM) 

1 HO ; 


I MlUclierlldi. iM r Kakiw) nnd dlo Hchokolado," IH.'.U, r>7. 
n., IV . \ n , M , and T«?rr>, l*han>\ Jour., \\ , 70-1 

III , V V I , X . Zlpix'rrr, ’ CnU'rMuch. (a»or Kakao, ptc 56, 57. 

VIII X I* The Amlifitt, IW«». vwlv , i:i7. 

I\ llt ll. " ThorfH '> DM App ChtMii ." 1WI5. 

Xri. J II Harrison in - CjM-ao.” by .1 H. Hart, HHl 

An\ variations which may be observed in the ligures of 
analyses, made by different individuals, may be attributed to 
the varying ijuality of the cacaos examined, wliich, as has 
been previously pointed out, is largely dependent upon the 
conditions under which it has been grown and upon the pro- 
cesses to vvhich the beans have been subjected. The estima- 
tion of fibre, cellulose, etc., will always differ with different 

• Ridenour, Am^r. Jour. Pharvi., 1895. Ixvii , 202, etc. 
t Dr. FiUingor, Vhtm Ztit , March, 1897, xxii. 
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observers, owing the various methods employed in their 
determination. This (luestion has been considered fully later. 

As will be seen from the ligiires given, the principal 
components of cacao bean are the fat, albuminoids, starch, 
woody fibre, water, ash and theobromine, which together 
constitute about j)er cent, of the husked bean. Of these, 
the fat and theobromine are of the gr<*atest economic value, 
as the former provides the cacao butter of/*ommen*e, which, 
besides being used for chocolate-making, has certain ap])lica- 
tions in ])harmacv, while to the latter are due the stimulating 
pro])erties of cocoa and (*hocolate. (’acao-red and the 
aromatic oils are of far greater inj]K)rtance than their 
(juantities ])resent in (-acao beans would suggest, and, tlfough 
it is not usual to estimate them by analysis, the manufacturer 
is fully alive to their existence and im[>ortance. 

Colour and aroma of tla^ resulting cacao ])reparations 
are points which must be studied, if high-class productions 
are to be mad(‘. Tin* attainment of both (jualities is mainly 
in the hands of the ])lanter, but the manufacturer cun work 
wonders by careful maniiadation in roasting and other 
processes of manufacture. 

It is not intended to give, here, (h'tails of the variotis 
components which go to make up the cacao bean, these 
being n‘served for the third part of the book, wliich deals 
essentially with the analysis and chemistry of cacao. 

The results of analyses of tlu^ kernel of raw cacao have 
been shown, and there nmiains to be considered the composi- 
tion of the husks or shells, which should not be employed 
in th^ })reparati()n of cocoa and chocolate, but wdiich should 
constitute a by-product of the industry. 

The husks or shells do not find any at)plication of com- 
mercial value until after the beans have been roasted, when 
they may be employed as cattle food, for the preparation 
of brown colouring or flavouring matters, for extraction of 
the 3 or 4 per cent, fat, or even, when crystallised in sugar, 
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as a sweetmeat. “ Cocoa teas/’ mad(* from cacao shell, 
have appeared again, recently, on the market, and the 
extraction of alkaloids from the husk has assumed some 
importance. 

In the table of analyses by Harrison, given at the 
( 5 ommencenient of the chapter, will be found the composition 
of 11 le husks of the same variety of bean, dried and fermented 
and cured. Oth^r analyses show the following to be the 
comi)onents of raw husks : — 


Tablk WllL—AfKthjseH of Husks oj lidw Cacao. 


• 


Triuldad. 

Puerto (‘abcllo. 


1 

11 

1. 

11. 

1. 

JI. 

Moiiituir 

7 74 

It 1K1 

8-39 

13119 

0 40 

12 04 

K«it .... 


4 15 

4 23 

4 74 

4 .38 

4 00 

AlbuimuoulH 

II OH 

13 95 

15 14 

13 21 

I3 7r» 

— 

WtKKh’ Hhrf' . 

12 79 

17 99 

18(K> 

18 04 

s 14 83 

1.7 08 

Anil . 

8;i2 

10 73 

7 00 

. 7-78 

! HOO 

8-99 


Table XIX. — Analyses of Husks of Baic, Uuuatned Cacao, 
or Mean Amilyses. 



1. 

11. 

in. 

IV. 

Moiwtun* 

7-83 

12 51 


12 40 

Flit .... 

838 

4 23 

3 60 

4-00 

Albuminoids . 

14 29 

13 58 

12 80 

10-70 

Woodv 11 bn' . 

14-69 

1671 

— 

9-84 

Ash ' . 

7-12 

10-20 

5-70 

4-58 

Thwbmmim' . 


0 33 

0-39 

102 


1. Lnube and Aidcndorff m Konig'd DU' Suhr. u. i., 201. 

II. Zipperrr, “ Ontf’reuvh. tibcr Kakao, etc." 

III. D»kkvr. Chm^ Ctntr., 1902, ii., 1217. 

IV. HftrrvKm in Hart n “ Cat-ao, * 95. 

With the exception t)f the percentages of fat in the kernel 
and of husk in the whole bean, the analysis of cacao previous 
to its roasting is of comparatively little importance and of 
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only academic inteiest. After roasting, however, the more 
physical properties of the nibs — such as the aroma, their 
capacity for readily mixing with a large amount of sugar, 
which is largely dependent upon the percentage of fat, the 
ease with which the husk is separated from the nib, and the 
percentage of loss entailed by this prm^ess, depending on the 
proportion of husk in the original bean — are of considerable 
moment to the manufacturer. ^ 

Analyses of the cacao germ have bt*en made from time 
to time. The germ, like the husk, should be a by-product 
in cocoa and chocolate manufacture, owing to its poor 
flavour and to the grittiness which makes it difficult to retine 
to the smoothness necessary for the best preparations. • 
Haussler * gives the following analysis, the figures being 
calculated in percentages of the dry substances and shown in 
colunm 1. The second column sliows the results of Richards,f 
calculated on a similar basis to Haussler’s figures : — 


Table XX . — Analyses of Germ of Cacao, 



I. 

11. 

Total anh 

«53 

7-03 


7-89 

3-8.5 

Total nitr*>^?<*n 

5 10 

5-29 

Crude librt* 

5 '20 


! Acidity (as tartarif avid) . • • • • I 

4-4 < 


DextroHe 

0-44 


Sucrose . ■ 

if’l.i 


Theobromine ....••*• 

1-88 


Caffeine ,..••••• 

Total water-soluble extract ..... 

9-21 

23 40 

27 93 

Soluble ash . . • . \ * 

6'20 

3-85 

Alkalinity of soluble ash as .... 

1'72 

2‘3T 

Iodine value of fat 

48- 1 


Acid value of fat . • *,,, ' 

19-2 


Zeiss Butyro-refractometer value of fat at 35 C.. . 

1 

06 degreea. 


* K. 1*. H*u<wler, Arrk. Pharm., 1914, cclii., 82 to 89. 
t P A Ellis RicharcU. 7 he Analtfffl, 1918, xliii., 214 



PART II 

MANUFACTURE OF CHOCOLATES AND 
COCOA POWDERS 




CHAPTER X 


CLL/iNING, SORTING AND (UiADlNG CAGAO. PIUOU 
TO ROASTING 

The cacao beans of <-omnicrct‘ apjicar on the inark(»t in 
sacks and, according to the care with which they have been 
tended during the })rocesses of fermenting and curing, 
are in a more or less lit state for immediate roasting. 

As a rule, how(‘.ver, tluTe are found, admixed with^the 
beans, ])ieces of refuse matti*r — sticks, wood, stones, aial 
pi(jces of sacking, (‘tc.-— which nec.essitat<‘ at least a simple 
sorting for their removal, and, exce]>l' in the cases of the 
finest grades, the b(‘ans are of such various sizes that it 
is absolutely essential that some syst<mi of separation* be 
employed. 

Before roasting, the biuins must be graded according to 
size, and, if tlu^ blends of cacaos, emj>loyed, show great, 
variations, each brand of bean should be graded and roasted 
separately before blending. Though the need of this is 
obvious, seeing that small beans roast more (piickly t.lian 
large, resulting in an uneven roast, the importance of 
grading is often overlooked. 

Whether the blend is to b<^ roasted partially or fully 
(depending upon subsequent treatment of tlui chocolate or 
cocoa), an ^?veii roast is necessary, if good products are to 
result, but the need is less urgent in the former than in the 
latter case, since the develojmient of flavour by lieat may 
be conducted in the cacao mass from tlie nibs of partially 
roasted beans in later processes. In some marks of cacao, 
even of good quality, beans are found adhering together by 
pieces of dried pulp, and lumps of beans of this kind will, 

ir.c. * 
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clearly, roast urie(|ually. (irading alsoc allows a sorting-out 
of extraneons objects and refuse, frequently found among 
tli<‘ beans, wliicb cause d(^])reciation of flavour and aroma 
developed during tlie roasting. Wood, ])ieces of sacking, 
etc., <*lmr in tlie roaster and are a])t to imparl an un- 
|)leasant einpyreinnalic flavour wbicli would impair the 
d^*licacy of the aroma of ib(‘ cacao mass. Pieces of iron and 
steel, nails, (‘tc,.,^can la* removed by a magnet, attached to 
an automatic giadia' or to tin* nibbing machine. 

It is not oft(*n necessary to wash the beans, though this 
tn‘atment is (employed by sona* manufacturers with ])oor 
and dirty samplt‘s. Tlic^ same advantages, as would be 
attaint'd by wasliing, would be gained by tin* treatment of 
th(‘ b(Nm< with antis(‘pti(‘ solutions of lioracii* acid, it tlie 
cacao is to be stored fur any haigtb of tina‘, or Avitb improv- 
ing solutions of caustic potash or soda.* 

^lany marks of b(*ans, among which may 1h* mentioiu^d 
thdse of Haiti and Samoa, and soni(‘ of t b(‘ Afi’ican cacaos, ar(‘ 
distiiietly i'artliy m tast(‘. This unplinisant fla\'our is 
deri\iMl usually from tho system of (uiring and is concen- 
trated in the liusk. Any (piantity of mould on the cacao 
is apt to impart a similar tlaxour to the intiaioi' of the 
lieans, and it is on surh oc''asions that advantages may be 
d(‘riv(‘d by wasliing the beans in water or in a 5 ptu’ cemt. 
boracic acid solution at about flu ’ Tbt* necessity of 
thoroughly drying the cacao, washed with water or aqueous 
solutions ufttu' roasting, should be emphasised, otherwise a 
further development of mould would leave the beans in a 
worse state than before treatment. 

Anotlier practice, not uncommon with manufacturers, 
is to submit tbt‘ beans to a ]K>st -fermentation juocess, by 
soaking the b(*ans in wattu' for forty-eaght hours and drying 
off at 15® (\, an o|)eration which, in tlie case of unfermented 
beans with gray ami unattractive shells and with a violet 


* r<rfr ('h«|)tor XI U. 
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and bitter interio?, is said <o improve greatly the 
appearance of the bean and the colour and flavour of the 
kernel. 

If the beans an^ to be stored for any length of time 
before roasting, it is advisable to make a careful examina- 
tion of them on tludi* arrival into (he factory, as they may 
have become dam]> during trans})ort, in which (*as(^ the 
formation of mildew will rapidly bring al)»ut dettTioration 
of their flavour, or tluw may have In^en infeettMl with tlu^ 
eggs (jf th(‘ moth, so connnon in cacao ston‘houst*s, wlii(*h 
dev(do]) into maggots in tsirly spring. <-ausing considt'rablt 
damage to tla^ Ix'aiis. 

If tie* Ix'ans aie damp, (hey should b(‘ spr(‘ad out on*tlu^ 
o])en tlooi’ of a \\ ell-\ (‘lit ilated and warm room, thougli, if 
tlu‘y are to ln‘ ti(‘at(‘d with water or aipieous solutions, as 
already mentioiHMl, (h(‘ drying may he postponed till after 
treat meni . 

Cacao that has h(‘(M)m(* infested with moth or maggot, 
should be jiicked over by hand, and tlH‘ worm-(‘aten b(*ans 
removtal, whilst it is a good plan to (‘X)>os(* th(‘ rest of the 
beans to (he disinfecting rays of the sun, if possibl<‘. 

All beans ai'(‘ liabl(‘ to be a(tack(*d by the cacao moth, 
which lays its (‘ggs inside the outer shell of the b(*an, and 
even the finest grades of cacao are not immun(\ The 
maggots, as (Ikw hatch out, feed upon the conttaits of the 
bean and, when sufficitaitly d<'velo])ed, crawl through the 
sacking and swarm over the ceiling and walls of the store- 
house. 

If the maggots are not destroyed, they develoj) in the 
summer months, after tla* usual pupa stage, into moths 
which, in their life cycle, deposit their eggs in the beans, if 
sucli are stored loose, or on the surface of the bags containing 
the cacao. 

The moths may be got rid of by jdaciiig large shallow 
pans of water near and around a lamp in the storehouse, to 
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which they attracted and, becoming stupified by the 
glare, fall into the water and are dro’svned. 

In cases wliere the eggs hav(^ been deposited on the 
sacking, the maggots are less easy to destroy in time to 
prevent them from attacking the beans, as the newly- 
liatched larva.* seem to make their way through the sacking 
ti^ the b(ians and, when more developed and after the 
damag(^ has beeij done, crawl out and swarm over the room. 
At Ihisstagt*, they can be attracted to the water in the pans, 
used for destroying the moths, and large quantities can be 
drowned in this way. S[)raying the sacks with formalin 
solution is also very efficacious. 

A systematic, sorting of the beans and bags before storing 
is undoubtedly the best remedy against the de])redations 
of motli and maggot , whilst, good vent ilat ion and frequent 
lime-washing of the walls of the storehouse will greatly aid 
in kee[)ing these pests in check. 

Tnrt her • information regarding the cacao moth, its 
life-hist.ory and methods for destruction, can be found in 
th<* records of the Association of Ciermaii Chocolate Manu- 
facturers.* 

Sorting. 

In the most ])rimitive form of sorting, and when only 
small (piantities of cacao are to be handled, manual labour 
is employed, but, in large factories, it is obvious that such a 
process would be most costly. 

Consetpiently, tin* makers of plant for the manufacture 
of cocoa and chocolate have turned their ingenuity to 
devising machinery by means of which a large bulk of 
beans can be sorted and cleaned. The principle underlying 
all sorting machiiu^ is the ])rogress of the beans through a 
series of sieves of y|irying meshes, which are usually provided 
with a rocking motion, in order that full advantage of their 
surface may be taken. 

• G. Reinhanlt, Korr, rer6. Schokoladef(tb„ 1891. vil 
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Tlie top and lirs^ sieves is of a fine mesh which >vill allow 
only very small and shrivelled beans, small pieces of wood, 
stones and dust, to pass through. The beans, in falling to 
the next: sieve, may be winnowed by a power-driven fan in 



Fio, 1. — C’aeat) Bean Sorting and Cleaning Machine, with Sorting Band. (Hw p. 134.) 
By ptrmimtiMi of Jotrph Baktr, Somt, and Perkins, JJd. 


such a way and direction that hollow beans, pieces of sack- 
ing, straw% etc., which are lighter than the smallest desir- 
able bean, are blown into a receptacle leading to the pas- 
sage where the first sievings are descending to the waste 
outlet. 
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A(*('()r(lin^ to Ilu‘ iiuiiilxM’ of gr<i(i(‘s rii‘((uiiY*d, usiiall} two 
or the bojius niusl pass o\<a‘ a iiniubor of sio\oH of 

difff*r(*ijl i]a‘s]ies, cncli sicvin^^ l(*d to a separate outlet. 
Subseipaait ly, lla* {grades may lx* ]>ieked {)ver by band, to 
naiiove any dideetive beans or loreij^n material tbai may 
liav(* es(ta]>ed Ili(‘ si(‘vin| 4 . 

^ It may oeeiir that it is oidy n(‘cessary to ])ass tbe beans 
over tbe first mesh, if tin* sample is fairly (‘ven in size, in 
wlii('li ease tli(‘y are run from tb(‘ siev(‘ on to a t.ravellinj^ 
band, when' tlay are rajadly fr<x‘d from sbrivelled beans 
and foreign! refus<‘ by ojitantors standin<^ in front of tbe 
beans as tlay are carrical by. 

The nundiiiK', illustrated (Fi^. 1), made by Messrs. Joseph 
Hak(*r, Sons, imd Ftukins. Ltd., is constructed so tbat tb(‘ 
beans an* fed from a bopp<*]‘ into an inclined levolving 
cylindri('al si<‘\e, divided into six divisions of diften*nt 
nu‘sb<*s. Tin* rou^b bi‘ans, in ])assin^ ov(‘r Die first divi- 
sion, are rid of dirt, dust and small foreipi matter, wbih* 
tbe iH'maininjj: divisions ^u'ade tbe beans into various sizes. 

It is ob\ ions tbat a certain amount of foreij^m matter, of 
similar size to tin* corresjiondinj; ii[ra(b‘s, will be found in tbe 
ditT<‘reut ri‘(‘eptac!es amon^ tbe b<*ans. and, to ob^■iate tbis 
ditbcuhy, a band of canvas can fie arran<;ed to take tbe 
b(‘ans falliiif^ fiom one or two of tbe difft‘rent divisions to be 
picked o\er by band. Sucb a macbine, occujiyin^ a floor 
space of 12| X lOJ feet, is (ij feet bigb and is fitted witli a 
sorting band and capable of large outjmt. 
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R<)AST 1 N(; I>|' <'A( AO ANAIA SKS ol' ISKANS, N'llW AND 

SFIKIJ.S, HEFOIM: and after ROASriN^; 

After tlir )) 1 (k-<*s> ol >ortin^. (Iio hniiH ai‘(‘ iu‘\t sub- 
mil UhI 1o ](>astni^, ail opta'alion of gn‘a( daliiau'v and of 
far-n^acliin*^ atTci ls. 

Ill Ili(‘ oarlu'si day> in tlio liistorv of cliocolattE^I be 
M(‘xi(*ans u>t‘d io roast thoir lao'ao in carl bonwan* vessels 
over an ojaai lire, and, as i> the ea^t* wfib lh(‘ (dnia‘S(^ (* 0 (d\s 
of the Pliili ji])ine islands ol the {>re>enl day, they su<*ct*e<led 
in ri^luein^j; tbeii’ a])|)liallee^ foi’ tlu^ inannlaet ure oi elioco- 
late to a jiortable form. 

A vessel, for roasting tlR‘ beans, and a ]a*stl(‘and moitar, 
for jioundin^ the roasted nib>, eomjvrise all tla* a])})ai‘atus 
necessary for tb(‘ j)i'i*])arat ion oi cbo('olat(‘, and, in spiti* of 
the great advanc(‘s madt* in tin* machinery for the manufac- 
ture of cocoa ])ie]airati()ns on th<‘ large scale, the })rinci})les 
underlying tla^ naxUan ma(‘iiiiR*s are the sanu* as those of 
the jirimitive apparatus <aiiployt*(l by the ( hinest* cook. 

Th(‘ advantages to be deiived by roasting are : - 

(1) D(‘velo])ment of the ai'oma ol the beans, brouglit 
about by changes occurring in tin* \olatil<^ oils at a high 
temperature. 

(2) Modili('ation of the colouring matters of the bean, 

(8) (relatinisation of, or rendering soluble, som(‘ of the 

starch granules. 

(4) Oxidation of tlie tannin and other astringent matters. 

(5) Drying of the husk and bean, so that the former can 
be readily removed, and the laitcT be freed from moisture, 
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(lie ])reseii('e of ^vhich would hinder (life C()riii>lete mixing of 
the fatty nibs, wlaai crushed, and icaid to destroy the keep- 
ing (jualilies of liu! cocoa and cJiocolate, prepared from the 
damp nibs. 

The following table sliows lla^ changes taking place in 
the composition of tlie bean dui-ing roasting, as given by 
two obs(‘rvers : — 


f 

TAiiiiK XX [. — A}inhises of Nibs of Cacao Beans, Before 
and After Boast imj. 


Arrllm Caracas Trinidad i Trinidad, j Carncafl 


• 


Aftor 

Hrf<irr 

After 

ilftttn* 

After 

Hefore 

After iHefore 

After lueforc 

After 

Molniurf 

H X, 

M :,'2 

« ;l.l 

6 2.’i 

0 :»o 

7-48 

6 20 

7 8.5 i 

6:i4 

2 0:i * O tkl 

.5 69 

Fat 

:><> ;id 

:.()i)7- 

:»2 OH 

r.2 01) 

fio :n 

4l)-24 

.51 .57 

48 14 , 4:l 66 

41 80 ; :i6 81 

37-63 

Alluimrri 

lit 4lt 

HI «4 

12 0.-. 

i:. :*H 

17-2-I 

111 62 

1.5 80 

III 22 1 H IM) 

12-02 10 .59 

12 36 

Tlifoliroiiiliu' 

It I 

0 :t(i 

0 :{;i 1 

0 ;m 

0 77 

0 r>o 

0 40 

0 42 ! 

0 8.5 

0 ii:i 1 1 i;i 

0 99 

Mtnr.li 

f. 7H 

it 10 

i H21t| 

1 1 .Ml 

7 Of) 

1) 85 

1 1 1 07 

8 72! 

4 118 

r< 70 i 3-81 

6-07 

IVilidfim* i»r 
WtKKlY ftlTf 

1 

■i 71) ' 

2 :•» 

1 .4.,! 

i 2riM 

2 61 

2 .54 

1 2 62, 

H 84 ! Ill 01 

19 64 16 3.5 

11 69 

AMi 

4 12 

:i HO 

1 ^"1 

.‘17:* 

4 17 

;ii)2 

1 2 87 

4 12 i 

:i 60 

3 70 ' 4 3(1 

r. 03 


The first four of these analyse.-^ are by Zip])erer, made in 
the last two are selected from Kidenour’s work on 
cacao and chocolate in the Ajnerican Journal of Pharmacy 
in IHlh). 

It is somewhat difficult to reconcile the Jesuits obtained 
by these two investigators, for, not. only are the values 
obtained for albunuui, starch, cellulose and theobromine 
widely different, but there are sliown sometimes an increase 
in moist ure and a decrease of fat after roasting. 

It is possible, however, that some of the proteid matter 
or albumen, as estimated by Ridenour, may be included in 
Ids values for extractives, and it is noticeable, also, that the 
sum of that observer’s ligures for starch, cane-sugar and 
glucose more rea(fily ajiproaches to Zipperer’s figures for 
starch. Cane-sugar, glucose and extractives have not been 
included in the above table, though Ridenour estimated 
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their (‘oiifeiit in Ilje h(‘Hn, and they tnay be found in the 
Americdu Journal of Pliarynacy, vol. Ixvii., p. 202. 

The iniporlanl chan^^es that oceur, during roasting, 
are made a])])areiil in the analyses of beans, before 
and afh*!' roasting, giv(‘ii in the preceding table, 
whicli shows in eohinin I. Ilie whole raw bean ; 11. the 
^^hole roa'^led b(‘an, and III. roasted “nibs,” reduced to 
pastt‘. 

Th(* loi ni wlji(‘]] analysis of nibs usually takes in modern 
w'ork is illush'ated in tlui mwt tabh*,* in which it will be 
nolic<‘d that tlie alkalinity of the ash and j)ercentage of fibre 
ligure proininenlly : — 


'Fablk XXI 11. — A)i((hfse.^ of Nibs of Boasted Cacao, 



Alri< an 

i.ri-tiiuJa 

Ouaja- 

t(IUl 

trial' 

da<t. 

I'araras 

Oaliia 

tVylon 

Mineral matfci, tolal . 


2 150 

:i 115 

2 1:\ 

:i24 

2 (58 

3 -81 

MitK'rai niatli'i, soluble 

(1 1»8 

KM 

1 :i2 

0 Of) 

1 58 


1(50 

•SilicKniH mallei 
Alkulinitv (»f Muneial 

(»IC> 

i 

0 OM 

0-(M 

008 

0 08 

0 (15 

0 03 

matter as K.^( ) 

o:i8 

O .V) ' 

0 oO 

' 0 44 I 

0 74 

0 51 

0 (57 

Colli water e\tra( t 

11-80 

0 80 i 

II 40 

! 11? (Mi 


0 50 

1 1 00 

Nitrogen 

l 84 

2lNi 


; 2 :V2 , 


1-08 

2 44 

l''at 

;>oi*o 1 

r»OHO 


' .m70 


44 40 

.50 20 

CiImi' , 

, ^ 

2 tM 


1 



2 .3(5 







. 

— 




The leason for the inclusion of figures showing the alka- 
linity of the ash and the percentage of fibre is to detect 
addition of materials which should be foieign to ])ure cocoa 
and chocolate, the former providing information as to 
whether the cacao has betai treated with alkali for making 
the so-called “ soluble ” cocoa, described more fully in a 
later chapter, the latter to detect the ]>ercentage of husk 
which dias be(*n allowed to remain in the roasted nibs, and 
which should be Jiept at the lowest possible figure in the 
manufacture of good cocoa and chocolate. 


N. P. Booth, Thi Analyst^ 1909, xxxiv., 143. 
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Analyses of the sl^ells, by the same author, show the 
following results — 


Table XXIV. ~ J//u///.se.v of Sh(4ls of UoaMcd f Viruo. 



Afrkran | 

tv> Ion 

Min<‘ral matter, t(ktal 

.■) ti.H 

H H» 

S (U . 

Mineral matter. Holublc 

:i ,‘.:t 

2.V 

1 4 78 

Sihcioiis matter 

1 7‘> 

1,45 

1 UH) 

Alkalinitv «if mim'ral mattt'ra*' Kj(> 

2 ti:i 

:i m 

2 54 

( 't)ld ^vat('r I'vtr.u t 

20 40 

24 tiO 

20 7tt 

Xitro^ii'ii 

2 iU 

2 13 

' 2 4tt 

Fat 

A VO 

5 ttO 

i 3 10 

Fibic 

12 SO I 

1 2 85 

1 12 80 

! 

Boussingmdt , in his book, 

Le (’acao 

td le C'hocolal,” 

gives, mnong olh(*rs, aiutly^<‘s 

of ca(*aos 

btd‘or(‘ 

ainl aft*‘r 


roasting, whit'h will ht^ t'oiind in Table XXV. 

From thnse re^ults, imlikt* thos(‘ shown in Tabl(‘ XXL, 


it would apjx'ar that a \'(‘ry considi'rabh^ in(*reas(‘ in tli(‘ 

Table XXV,- -. l/n///y.s‘e.v oj S ihs, fvitJiout SfivU and (liatn^ 
Brjorc and After Roost itoj. 


I'lUTlo ( uUllo Marthi'im- I <lua\ra 




Hffon 

Aft*T 


Atl<*r 

Oi-fim*. 

AUvr 

VVator 


7-00 

5 <NI 

7 50 

2 <HI 

7 00 

4 tiO 

I‘"at . 


4<t30 

♦5 23 

41 20 

45 ,'iO 

45 00 

49 20 

Aah . 


3 75 

3<»5 

2 75 1 

2 00 

4 IK» ! 

3 70 

Nitn>gt*n 


2 18 

2 lU \ 

2 25 i 

2 32 

2 18 

2 20 

Alburnon 


13 t>0 

13 70 

14 50 i 

1 

l8iM» 

13 m 

14 40 


percentage of fat occurs on r(»a^ting, a tact whi('h cannot 
entirely be accounted for by the loss of water whicli takes 
place at the same time. These figures, however, bear out 
experiments, frequently made by the aiithor. who has re- 
corded increases in fat-content, over tliat of the raw Watis, 
during roasting to as high a temperature as 145^ C. for as 
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lolig as thirty lllillute^. The kaiiperiiluro ol the roast drops, 
of coiirsi*, oil admission ol the beans (to about 110 C.), and 
tlio long roasting results in burnt ca(*ao. Ihere is a marked 
increase in fat up to tift(‘en minutes’ roasting, and, after 
that tinus tin* fat begins to decrease, probably due to the 
absorption by the husks and to subsequent destruction by 
burning. 

The percen|age of theobromine is also affected by the 
tenqx^rature of roasting, thus : — 

Before roasting, ('ertain nibs yielded 1-11 per cent, 
theobromine. 

Aft(‘r roasting at 120'" for iifteiai minutes, the same nibs 
yielded 0*77 per cent. t]u*obromin(^ 

After roasting at 280° C. for eight minutes, the same nibs 
yielded 0*25 per cent, theobromine. 

Method of Roasting. 

The roasting of cacao is conducted in an apparatus and 
manner similar to those employed in roasting coffee, though 
tlie temperature is not allowed to rise so higli as in the latter 
case. 

It is assumed that the beans have been graded and sorted, 
tlie varieties separately, if the beans are of different sizes, 
or together, if they are more uniform. If the varieties of 
cacao differ greatly in the size of the beans, tliey will bo 
roast(*d separately ; if similar, tlien a combined roast inay^ 
be .made, though an experimental roast is considered 
advisable. 

The object of roasting is to facilitate the removal of the 
husk and to develop aroma. A temperature about 100° C. 
may be emjiloyed, if a partial roast is to be made, as, at this 
temperature, thi^ husks are rendered just sufl&ciently friable 
to be removed readily, A fully roasted bean may require 
185° C., in order to develop its aroma to the best advantage, 
but, in any case, the ])rocess must be continued until the 
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beans have lost their vinegar-like smell 'which is most 
difficult to remove at later stages. 

Boasting may be carried out partiallj" or completely, 
according to the result recpiired. It should be remembered 
that, when fully roasting, it is easier to rectify an under- 
roasted than an over-roasted bean, as the burnt flavour of 
the latter is not only un])Ieasant hut very persistent. Kx[)e; 
rience alone can dictate whether the heans^have betai cor- 
r(‘ctly roast ( h 1 for any ])articular chocolate re(|uired. Good 
mechanical roasters are, however, as essiaitial to success 
as a good supervisor, seeing that, at the temperature em- 
])loyi*d (for full roasting 185'^ t-. is not often t‘xceeded), it 
re(piires very little excess of lieat to s]M)il the charge *of 
beans. 

Manufacl iina's of roasters are often not awan^ of the 
narrow margin lying h(*twtM‘n propi‘rly roasted and over- 
roasted beans, with t he result tliat direct access of lire 'gases 
is often allowt‘d to the beans, and facilities for quickly dis- 
charging tlu‘ roast are not provided. It, is, of (‘ourse, neces- 
saiy to reni()V(^ the steam and fumes from the interior of 
th(^ roasting cylinder, but, in the best roasters, an exhaust 
a])paratus is fitted for the purpose. Externally-heated 
roasters are the only kind to be recommended, and those 
so heated by gas are more under control tlian those heated 
by Oi)en tire. Easy access to the interior of the roasting 
drum, for i)urj)oses of thorough cleaning, is most desirable, 
as shells of previously roasted beans are sure to adh(*re 
to tVie side and, becoming burnt in subseciuent roasts, 
will affect adversely the aroma of the resulting cacao. 
Especially is this tlie case with beans treated with alkaline 
solutions. 

After roasting to the re<iuired degree, it is necessaiy to 
cool down the heaps as quickly as possible, in order to pre- 
vent further roasting by tlieir self-contained lieat. Exliaust 
coolers are, with great advantage, fitted to the roasters 
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and usually comprise a larf^a^ trough of box, lined with sheet 
steel, with a perforated false bottom on to wliich the beans 
are dis<‘hargeil from the roaster. Cold air is then drawn 
througli t)i(^ mass r>f liot beans, by means of a fan, to the 
outsid(‘ of the building, and the whole is rapidly brought 
down to a moderate temperature. 

• 

Roasting Machines. 

in Frama*, the most favounul roaster is the “Sirocco,” 
which consists, ess(*ntially, of one splaa’ical r(‘ceptacle revolv- 
ing in anoth(T. ]^etw<*(*n the* two spheres ])ass the hot Hue 
gas(^s from a coke stov<‘, s(‘t a])art fioni the ]’oaster itself. 
The hot gases are circulated by naains of a forced 
draught. The b(*ans are introduced into a ]io])])(‘r at the 
top of the roast(‘r, and, wluai the inmu- receptacle is in posi- 
tion, th(^ chargt‘ is It'l down into it, the tlu(‘s oi)ene(l, and 
tlu* sph(‘re revolv(al. 

In order to asc<*rtain the j)rogr(‘ss of the roasting, a 
sa!n])ler is fitted into tlu* axle which. b(‘ing liollow at this 
end and ojuai on on<* sid(‘ to the inner chanilxu*, enables 
beans to he withdrawn at various stagt‘s in the opmation. 

llenealh lla‘ roast (u* is fitted a large circular ()])en metal 
trough in which can hv ma<h‘ to r(‘Volve a series of fans or 
brusli(‘s tliat (piickly cool tlu* b(*ans hd, down into it, after 
tlu* roasting is c<uupk‘t(\ The bottom of the trough is 
usually peiToratt‘(l and attached to an exJiaust fan which 
draws cool air through the hot beans. 

Other systems of dry roasting are based on tlie same 
|)rincipl(‘s, though, frecpauitly, the Hue gases are allowed 
access to th(‘ bt‘ans direct, a course which, whilst cajiable of 
giving satisfactory results, can only he recommended where 
constant supervision ih given tiuring tlie operation, as the 
beans roast nion* (piickly and are, consequently, in greater 
danger of being over-roasted. Where such a system is in 
use, tlie greatest care should be taken that the coke Hre, 
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supplying the hot gases, is (piite bright and clear, and free 
from any smoke which might taint the beans. 

A machine, made by Messrs, ladimann, of Dresden 
(Pig. 2), has be(Mi desigiaal for giving Vi‘rv (jiiick roasts and 
consists of a drum levolving over an open -tin*. \\liik» lh(‘ 
process is materially assisted by tht‘ passage* through the 
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drum of a hot air <*urrenl, entirely unconnected witli the 
tire gases. By reason of the hot air displa<*ing tlie vapours 
coming off the beans and forcing them thniugh flu; ventila- 
tion pipe in front of the drum, the roasting is c(»nsiderably 
accelerated. 

This machine is charged tlirough a hof)i>er at the back 
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and iri mado to dihcliarge autouiiiticii^ly, whilst the drum is 
designed to revolve wliile charging, an advantage which 



prevents tlie ov^T-roasting of Iht^ beans that first come in 
contact witli the hot metal. 

The sampler is jdaced in a similar position to that of the 
“ Sirocco roaster, namely, in the drum axle. 


ROASTING OF CAfAO li5 

An ingenious system of rapid roasting of ordinary and 
medium grades of hard-shelled beans is one embodied in a 
roaster made by Messrs. J()sej)h Baker. Sons, and Perkins, 
Ltd. In this design, the beans are fed tlirough the end of a 
cylinder and continually fall, until roasted, through hot 
gases, supplied by burning an admixture of town or “ pro- 
ducer ” gas and sufficient air to ensure conij)h‘te combus- 
tion. Movable c()ol(‘rs, with perforated bottoms, can 
supplied with this roast (*r, and, after re<*eiving their charge, 
they can be wlieeled away to an exhaust fan for cooling. 
The whole machine is simple, strong an<l capable of a 
large output, as the ]»rocess of roasting is much sliorter 
than in the externally-heated macliines which are next 
described. 

Like the “ Sirocco,” tlu' t^xterna-lly-heated roasters con- 
sist of one drum or cylinder revolving in another. The heat 
is supplied to the outside of tht^ inner drum or cylinder by 
a series of gas bunaus, a,nd an exhaust piju^ carries oiT thi' 
steam and fumes from tht‘ roasting beans. 

Exhaust coolers can be titled to these machines, so tliat. 
when the cacao is ready t,o be discharged, the cooler is run 
underneath, and the beans are allowed to fall into it. It 
is then run out on lails to the fan which draws cold air 
through tlu' hot beans into the spa(*t‘ beiUNith the false and 
perforated bottom, with which the coolers are provided, and 
thence, through the fan, to the outside of the building. 

Such a machine, adapted for town or ” producer ” gas 
heating, fitted with a cooler, and of a capacity of 2(X) lbs. 
per roast, would occupy a floor space of Hi feet by feet 
(Pig. 3). 

The roasting j)roces^» is the most imj)ortant in the course 
of manufacture of cocoa and chocolate, and special* care 
should be bestowed upon it, as no correction can afterwards 
be made if a bad roast, especially an over-roast, has been 
produced. 


W.C. 
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Niiuiixc, irrsKiX(i. axi> winnowinc; tiik eoasted 

• CACAO ANALYSES OF NILS AND SHELLS, AND THEIR 

]»KOPOKTlO^:s IN THE ROASTED LEAN 

The cacao bcnuis, after having been roasted and rapidly 
cooled down on one of the exliaust coolers already des^'ribed, 
are next taken to be busked or deprived of their shell. This 
pr4)cess briefly consists of cracking the beans between two 
set rollers and, subse(puaitly, sieving and winnowing. In 
practic(‘, lla* bi'oken pieces are made to pass over a series 
of sieves of diff(U(‘nt nuish, while an air draught, travelling 
in an opposite direction to the nibs, blows tin* husk from 
tliem. 

Th(* beans should not be allowed to get stone-cold bidore 
passing through the rollers, as the cold, crisj) kernel is liable 
to be broken up into very minute }>ieces w'hicli, being of tlie 
same waaght as the shell, may be blown away into the husk 
receptacle and cause considerable loss. 

The (piality of cocoa and chocolate is largely dependent 
u])on the completeness of this process, for it must be realised 
that tlie nibs of cacao beans, alone y should be used for cocoa 
preparations and that the inclusion of husk must be looked 
upon as adulteration. 

Witli modern machinery, there can be no excuse for the 
presence of any (piantity of husk in a co<‘-oa or chocolate, 
as, by a careful adjustment of the fans, an almost complete 
separation of nib and husk can be effected. 

The problem of estimating the percentage of husk in 
cacao preparations has always been of great consequence, 
and Filsinger, one of the earliest investigators of cacao and 
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its preparations, dt^seribes a method of calculating the shell- 
content by a sedinienlation method in glycerine and water. 
This process, however, is incapable of giving reasonably 
consistent results.* 

Tlie determination of the (piantity of cellulose, present in 
a cacao prei)aration, is sonu* indication of the exttuit of 
cleaning, or adult elation, to which the lH‘ans have bt^n sub- 
jected, as the greater the proportion of husk the higher will* 
be the value for cellulose. • 

Table XXVL — PLsf inflations of Celhdose in Cleaned 
Hoastid Nibs, 



l (■|luloA<* 


For l(M» ^^urt« 

lM)r HKi 

ro(‘U(> ItimiluOiu 


«-a<-au 

1 iti wttt<*r. 

San( IjciJ'c 

4 INt 

14 7.7 

iluhia .... 

4 70 

14 04 

Haiti 

4 Mti ! 

14 <K) 

St Luf'ia 

4 i 

13 HO 

< Juadolouiic . 

r, 03 ! 

ir. 1,7 

'I’nnidad 


1.7 27 1 

Orffiada 

4 

ir»o.7 1 

Mara Lilian 

4 tUi 

14.71 

( 'anipano . 

r» 11 

ir>oi 

e<»rto data 

4 03 

14 14 

( ’ara<•a^ (small) 

r* r.3 

10 tio 

.Moan 

4 tMI 

14 01 

__ 




Tiie above table shows recent n*sults for the estimation 
of the ])ercentage of cellulose, jiresent in ]mre cacao paste or 
ground (deaned nibs, given by I)r. Hordas, Director of the 
Laboratories of the Ministry of Finance in France, at tlie 
Seventh International Congress of Applied Chemistry held 
in London, in lliOh. 

The estimation of <*ellulose alone, however, may be mis- 
leading, as extraordinary fluctuations occur among different 
varieties, as also among beans of the same origin. More 
precise and accurate figures may be obtained by taking 

♦ See also Chapters XXX. and XXXIL 
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into coiiHideration also the quantity of ash, its alkalinity and 
its composition, and, esiaic-ially, of tlie amount of silicic anhy- 
dride of which the husk contains a much larger quantity than 
the kernel. 

The composition of the ash. obtained from various cacaos, 
is given by Bordas as follows : — 


Table XXYIL—Composition of Ash. 



Atli 

SIO, 

and 

Hand. 









COj 



... 



rao 

MrO 


ICjO 

Na«0. 

bv 



1 1. 

oO.-* 

AljOj 


differ- 


8ol. ! Innol 









once. 

IlHhin 

I 

da na : (w m 

1‘6() 

0 20 

2 57 

0-60 

3 60 

156.5 

32 60 

37 96 

l-.5() 

3-72 

HtilM 

;jo lifl j 74 

7 34 

0 48 

2 66 

1 03 

5 18 

14- 15 

27 65 

30 41 

2 63 

7 57 

81 I.ufja 

31 (W 7.'. 

o»a 

oao 

3 00 

0 00 

A 

i:» 21 

33 78 

38 50 

1-50 

5 54 

(Umdc'lou|M‘ 

:i:i 14 1 fW «fi 

4 18 

0 .60 

3 06 

1-33 

500 

14 14 

20 22 

34 04 

1 27 

6 36 

, Tgiildrid 

;i2 5.^ ; 07-4.‘. 

7 (K» 

i 0 40 

i 3-80 

0 74 

3-54 

15 43 

28 38 

32 28 

1 00 

5-53 

(irviiHdti . 

;ii oa 1 68 »7 1 

I .'^.6 

1 0 3.6 

3-51 

0 25 

3 82 1 

17 62 

32 04 

33 06 

0 26 

5 70 1 

; Mumgiiaii 

'17 36 1 71 64 

ooo 

1 0 30 

I 4 00 

0 58 

4 46 

17 74 

31 28 

:i8()o 

0-16 

2-88 1 

, ('aru{«ru» 

aa 76 ( 66 34 

a M 

1 0 20 

1 3-35 

0 36 

3-66 

16 06 

30 10 

32 01 

0 60 

0-16 

Corto I’Ittfrt 

33 !(► i 67 »(» 

0 63 1 0-26 

' 3 10 

0 65 

3 40 

16 00 

33-50 

38 30 

1 50 

2-77 

( 'ArurlUl (KtllHlI) 

34' 12 1 6.V88 

7 (HI 

0 20 

1 3 10 

1 82 

4 .30 

13 on 

25-60 

32 50 

2 .50 

7 08 

Ucrtn 

.^6 67 ' 4a aa 

1(H> 

0 50 

4 24 

0-40 

4 30 

0 73 

18 60 

54 50 

0 .50 

4 93 

Hhc'll (r(MiHtt)d) 
IttiKl and Kinalt 

43 ID i 5685 

19- 10 

0-80 

i 2 50 

3 60 

|472 

7 40 

8 .50 

4 50 

3 50 

0-38 

t'llt'AO , 

aor*0 64 44 

26 52 







“ 




A very acc-uratt^ method for detection of added husk to 
cacao by estimation of the penlosans, fully described in a 
later chai)ter, has been devised by Adan.* The Committee 
of the Bromatology Section, at the 1909 International Con- 
gress of Applied Clnunistry, suggested that the following 
resolution should be submitted : — 

“ The Congi'ess, believing that the determination of 
pentose and ptaiiosans affords an excellent criterion of the 
purity of cocoa powder, recommends the adoption of this 
determination in the routine analysis of cocoa.” 

Adan’s results are embodied in Table XXVIIL 
From these figures, it will be seen that the inclusion of 
husk in cacao preparations, whether deliberate or acci- 
dental, should be readily detected by the chemist. The 
determination orthe quantity present is less easy and has 
been discussed at lengtli in Chapter XXXII. 

• R. Adan, Jnlemot. Cm/. App. Chem., 1909, viii., c. 194. 
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Table XXWllV-^.hMlyxes oj ShellM Cocoa Mini. 




1 




FontoMtu. 







Uniin* 

{>r iiiha 

.sholta. 

1 MuUture. 

Kat 

Stunii 

.\Hh 

<vn»i 

Kms 





1 ; 






IN»w<lar 


Bulk- 

1 : 





Initial 


Dry 

aljiiu'ir 






HUh- 

|Mir 

ault- 

U'iOi 10 

i 





utaiK’r 


staiut* 

iB'f 4Yint. 

! 






fat 


iiiitlHt iir«i. 

, Arriba . . 8 27 

4.1 1.1 

1 88 

8 88 

4 48 

1 71 

2 70 



1 liojiMtfd 8 .12 

.!<» 07 

0 1(» 

8 80 

8 70 

1 20 

2 10 



Sliells 







0 07 

0 11 

I*<»rt au IViiK c. 7-77 

40 8.1 

107 

4 11 

1 10 

1 .10 

2 00 



Roastod , 4 7.‘1 

.11 87 

8-40 

8 40 

4 81 

1 27 1 

1 00 



; Sllell^ 





1 

- 

7 .17 

0 02 

i San ThoiiK* 8 08 

40 01 

1 00 

4 28 

4 48 

1 48 

2 84 



j KA)aHtrd .171 

.!(» 20 

18 27 

8 80 

4 88 

i 1 

2 17 


• 

! Shells 






- - 1 

8 40 

7 02 

j Curaeas . , 1 7 77 

41 r^i 

1 48 

4 01 

0 18 

1 10 

2 71 f 



Hoaaled . 7 48 

40 24 

0 81 

8 02 

4 24 

MO ' 

1-80 1 



i ShellM . { 







i 

7 78 ’ 


’ Cahia . . i ;! 00 

42 10 

7 18 

8 08 

7 80 1 

2 10 

.8 14 1 


7 11 j 

' Roast <m1 . ' 8 71 

.10 M» 

0 01 

8 24 

8 08 ! 

1 77 

2 7.8 



! ShcilK 



- 




0 41 ' 

K 70 i 

S(H‘oniiH( o ' 2 0.1 

48 88 

8 88 

8 21 

8.84 i 

1 10 i 

2 00 , 

1 


1 Roa.*t(*d . ! .l(Ml 

.10 22 

0 .18 

8 70 

8 78 

1 21 ' 

2 00 


1 

Shells 







10 .18 j 

OAI ! 

1 AVKUAdK 048 1 

L .. . 1 1 

44 44 

8 22 1 

4 <M> 

4 78 

1 1.8 

2 47 

0 00 

... 1 


The Association of (lerman Chocolate Manufacturers 
offered a ])rize some yt-ars a<^o for a machine that would 
se])arate the nibs completely from tlie husk without allow- 
ing any (piantity of the former to find their way into the 
waste leceptacle. The j)r()blem was not so easy of solu- 
tion as would be imagined, for the bean, when passing 
througli the crushing rollers, is certain to break up into a 
number of different-sized ])articles, the smaller of whi(di, 
being light, could not help i)assing along wdth the husk or 
being sieved out w^ith the dust and finer particles of the 
shell. 

As the outconu' of this off(»r, many machines, claiming 
to do the required work, w'ere quickly put on the market, 
and, though a large number failed when put to the test, 
several were taken up by the larger manufacturers. 
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Method of Nibbing, Husking* and Winnowing. 

In all machines employed for nibbing, husking and 
winnowing, tlie lirst ste]) is to crack the beans, freeing the 
nibs from the shell for subs(!quent separation. ‘This is 
brought about by ])assing the cacao through two rollers, 
which arf^ so adjust (‘d to tin* size of the roasted beans that 
they do not crush too s(‘V(*r(‘ly, but crack the outer crisp 
shell and <‘nab1e the nibs, or portions of the kernel into which 
it is (livi(hal, to tall away. 

Th(‘ fragments ])a.ss intu an inclined revolving cylin- 
drical screcai, divid(al into meshes of various sizes ; tlu‘ lirst 
(^vision removes the dust and very small ])articles of cacao, 
whil<‘ th(‘ remaining divisions grade the nibs according to 
their size. A current of air, ca])able of being regulated so as 
to (‘ih‘ct the s(^j)aration of husk from ])articles of the nibs, 
which may be of tlu‘ sana* size as, but s])ecilically lighter 
than, the shell, is supplied to each division by nanins of a 
s(‘parate fan. 

The cylindrii'al siev(‘ may contaiii any numbt^i’ of meslu's 
of dift\*rent siz(‘s, according to tlu‘ number and dimensions 
of tin* gra(U‘s rtapiiiH'd, In the larger niachin(‘s, th(‘ri‘ may 
be six or (‘ight divisions, though the more usual number is 
thret‘ or four. 

Nibbing, Husking, and Winnowing Machines. 

In oiu^ machim*, made by Messrs. Jose])h Baker, Sons, 
and Perkins, Ltd., the beans are jmssed through two rollers, 
capable of being set to any rec^uired dimension to suit the 
size of the sanij)le, or for the purpose of regulating the grade 
of the nibs. The crushed beans are carried to the top of 
the •machine by an elevator and are discharged into an 
inclined cylimkical sieve. Separation of the husk from the 
nibs is efficiently carried out by fans, with independent air 
inlets, which (^an be separately controlled. The machine is 

iii>i.d<^ with nr niidif. diviHionm iuu\ the evlindnr tiRS 
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eorresiKMidingimniber of difTm*n< luoslies, whilnt two of tho 
sections are fitted witli narrow longitudinal openings 
through wlii(di the germs })ass, excluding the greater part 
of the* cacao which ]>asses ov(‘r into later divisions. 

Complete separation of the germ from the hner (‘iicao is 
carried out in tla* g(‘nn s(‘parator. Tiiis separator is d(iscribed 
later as an independtait machine. • 

The heavi(‘r piec(‘s oi sh(‘ll, to which ^om«‘ cacao has 
remained adhering, and the pieces which havi^ not, j)asstMl 
through any division ol‘ the sit‘V(‘, fall, at the <Mid of the 
niachirus into a worm conveyca* and are ndurned to be 
passed again through the rolhu's. 

In t}K‘ ordinary winnowing machines, tin* g(*rm, the d^ad 
embryo or radicle oi ihe s^mmI, is not sejiarated fnnn tlii^ 
nibs at this stag<*, but, laang of a hard, gritty and tibrous 
naliir(‘, and of coar^(‘ tlavour, it must be removi*d ladore 
converting tlu^ nibs into co(‘oa powder or chocolate. 

Tile niachiiH*, ilhi<trat(Ml (Figs, i and 5j, is tlu' most up-to- 
date production of the linn of Messrs, dose})!! Baker, Sons, 
and Bel kins, ]jtd. Tin* front \ iew shows, on the left -hand 
side, the hoj)])er into which tin* beans are fed and the nibbing 
a}>[)aratus just fallow it. The cracked beans are eh^vated 
from the nibber uji the upright tower on the left and i>ass 
down the chute on to a flat sieve which is ke]>t. oscillating. 
The nibs and shells both tall through the perforations of the 
sieve into collecting spouts, [ilaced just beneatli, which 
bring the nibs, etc., to the side of the machine ovtT she<*i- 
iron bafth^ plates. By means of the fan, situated at the 
further end, the shells are drawn upwards and delivered to 
the spout to be seen on the extreme left of the back- view of 
the machine. The fine dust, etc., drawn up also by tjie fan, 
is blowm over into the settling chamber, wliich (*an be seen 
most clearly on the left of the illustration ()f flu* back-view. 
Tlie settling chamber consists of a number of calico tubes 
which allow the air, but not the dust, to <*scape, the latter 






Tm. 5.— New and impmved NibbiBg. Husking and Winnowing Marbine. Back ww. (See p. laid 
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Fit., (i < (;nn\-N4‘}»aratin^ Miu liiiu'. (St't* i>. l5o.) 

/(« j>*’rih>t^*nin oj Met-iiiv JoMr^ph Ifuirr, Song, and J‘erkitu, LUI. 


falling into a chambcT at tlio bottom, whoiu'o it is delivered 
to tho end chute by a worm convtnei'. 

Germ -Separating Machine. 

The separation of germ is usually effected in a cylinder, 
either perforated with longitudinal slits tlirough which the 
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germ and small cacao pass, to be s<:‘paiated again by a syst em 
of winnowing, or tlu^ cylindt‘r may be indented in such a 
manner that the cavities are capable of taking the small 
fragments of cacao, but will not hold the elongated germ, or 
vice versa. 

The cacao grains in the cavities pass upward beyond a 
light scra])er, until tlu*v itnudi a certain t‘levation, wlu*n a 
bnisli removes them from their hoh‘S, aiyl tlaw tall into a 
trough, wh<‘nc(‘ a worm convtwer carri(‘s thiun away. 1 h(! 
g(‘nn, on the other hand, not fitting into the cavitii‘s, remains 
below the scraj)er and, by the tilt of the cylimler. is made 
to pass in an opposite* dinadion to the <‘acat>, complete 
sei)aration being thus effected. • 

The* nibbing, husking and winnowing machine, ahvady 
described, titt(*d with a germ s<*parator, will occupy 
ap])roximately feed by TJ feet tloor space, and be about 

h feet high. 

The following figures, ada]>ted from those givt*n by Hart, 
as the n*sult of some* experiments on tin* loss, etc., during 
manufacture of cocoa j»owder, are interesting. Only small 
samples were dealt with, howt'ver, and the jiercentagc loss 
is, consecimaitly. higher than it would be on the manufac- 
turing hcale. 


Taui.k XXIX. I ajk-scx in l‘n'liminnry Prcpurnfion of 
the lieuii.'i for Maniijncture. 


Hrfiiiv roasting . • • 

Wpijiht of huHk 

Lokh (ajiaii from hunk) , . 

Weight of drv aft< r i\-m.»v«l ol tut . 

Weight of fat ext rmUMi . • 

ly,HH during grindinp anti ex jm-aa’on oMa . 
Total Iona on mamifa<'tiin* (in< ludiriff 
hunk) 


Mat' j 

FU»« 

Onlliiary 

VfIM'XIU'ttt 1 

Trinkliul. 


i i(«. ! 

100 

100 

10 H 

10 3 ; 

l.'SS 


r» 1 

«7 

j 0 

.w o 

r»4 H 

! 123 ; 

liM i 

1« 1 

H-2 , 

0 2 1 

7 1 

* 327 

1 

27 ■« 



• J, U. Hart, ‘ * 1900, 113, and 1911, 
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The figures have been calculated on 100 parts of bean 
and have been adjusted to suit tJie requirements of manu- 
fact urers. 

Filsinger,* Irom a sarnj.le of 100 parts of Macliala cacao, 
containing an ('(jual proportion of large and small beans,' 
obtained the following divisions; 70 iiarts large nibs, 0-2 
luuts medium nibs, 0-8 parts radicles or germ, 10 jiarts husk, 
4 parts cacao wa^le, 0 parts loss. The Jour parts of cacao 
waste, on lurllier silting, yielded about 80 ]>er cent, each of 

nib, husk and cacao dust, the remainder being waste and 
loss. 

file gieal inipro\-emenls which are said to have taken 
lilac.*, in rectmt years, both in the .piality and yield of the 
beans, and in the machinery for iireparing' them for 
chocolalc manuiactmv, are not very aiqiarent from the 
lollowmg figures, showing the losses sustained during pre- 
Jiaratioii, given by Hernhardl,f in 1880. 

Tabi.k XXX. Lr>.s.sc.s- in Vrclimimrji Vrcpmiliim of the 
Jkmis for Man lifari fire, 

.Moan 

I . 2S(i|MT(ent 

j Mt'kitiK OHO 

^!cu^ln^ 13 (Hi 

Ttttiil l«»s8 . :»2 ] I 


Mavlmnn,. Minltium 


r» 40 jH-r (flit. 

MO 

2 (Ml 

0 2.7 

7(15 

; 4 01 

10 04 

1 lOOH 

iN'i-TH 

1 KWO 


Ihe next table shows results obtained in the author’s 
laboratory at Messrs. Peek, Frean and Company, Ltd., 
London, from roasting and hand-picking cacao beans. The 
proporhqns of shell, nib and germ, and the loss on roasting, 
found in a few varieties of cacao from a large number of 
samples, are given. For valuation of cacao beans for the 

• FiUinger, ZetiM'h. iiffcnt Chem., 1808, 810. 
t Bemliaixlt, Vhtm. ZtiL, 1889, 32. 
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manufacture of different cocoa preparations, a similar 
examination is reconiinended, and, provided the cacao 
beans have been fairly sampled, very valuable information 
for the factory can be obtained by these means. 


Table XXXI. — Ta)ss(\s on lioasling Cacao IJean^^, 'inth 



Percentages of Husk 

and (iertn. 


Cacao. 

I.oHM on roaiftliiK i 

Iliwk. * 

»{r*rin 

I'cr tcnl 

IVr <x«ut. ' 

l’ 0 r «x*ut, 



Trinidad . 

' 2 10-1 

IMO lrtH2 

0-72 CH2 j 

(Jreiiada . 

a r>K 7 (>0 

MKH iTiJH 1 

O iM)- j 

St . 

:^ru4M\ 

12 HO j 

O-iiA 4) 78 

Puertti ('abellfi 

1 7(» r> (M> 

I2 1KV ir».v» i 

0 7.V 4MM 1 

Venezuela 

4 r.o 7 2r» 

ir.Ao 2o;w» 

0 81 


Arpin * has .^iven the following table:-- 

Table XX\U.~- Proportion oj Nibs, Husk and (iemi 
in liodsied Cacao Heans, 


1 

Cacao 

MU. 

liiiick 

Oerm. 

l’*r 

Hill 

JVr H-nt 

l*i*r 

rarupuiH) 

('huao 

H.7 

87 

i'* i 

70 1 

14 10 

1 1 70 

0 58 

0 55 

' lharra . 

m 

(Ht 

13 40 

0 53 

j MadagaHcar 

' 01 

20 ' 

8 40 

0 48 

' Puerto (’aliello 

84 

70 

14 50 

0 54 

Trmidad 

81 

80 

14 OO 

0 07 

Mean . 

80 

♦8) 

1 

12 80 

0-50 


In this connection, it is not without interest to record 
that Harrison has shown that . in fresli beans, the proportion 
of kernel to cuticle is about H5 : 15 in those of talabacillo 
variety, and 91 : 9 in Forastero cacaos. It is presumed that 
Harrison examined higli-grade Forastero cacao, since the 
figures, shown, for the cuticles are ver>^ low for average beans 
of that variety. 

♦ Arpin, Ann. des FaUif, January, February', 1917, xcix.. c- lO—U. 
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Other figures, obtained by different workers with the 
beans as they aj^pear on the market, are given in the next 
table. 

Table XXXIll . — Hmh w Different Varieties of Cacao 
Deans, Cleaned and Boasted, 



(’h*aiUMl bmiia. 

ItooKted l«un«. 

I’lUTlo ('alx'llo 

IfdKI 17 7u 

14 30- 

-i.)-r)0 

Arnha, onlina. v . 

ir>-44 

12 40- 

1()(K) 

yXrnhji, MijHTior . 

i:i70 

12 Olb 

14 .70 

( 'ara( im 

12 40 lOtMl 

12 so- 

-1.7 .70 

Oviaya(|iiil 

I:UK^ 24 

lo 30 

12-(MI 

I'nnidad 

14 0.7 

1 1 2(b 

13 ()0 

San 'nuniu- 

1 1 30 

10 (H) 

1 1 3(> 

(Vylon 

H 00 

10 ()0 

11-00 

Hal)ia 


0-00 

('uintTonM . 

H(M> 13 20 


_ 

Sainatui 

12 10 



(’uha 

14 70 



Haiti 

i4-2w 



Madia la 

13 HO 



Halao 

14-00 





It is i>ossible to nmiove, by the use of good liusking and 
nibbing inaeliines, 10 ])er cent, eoarse shells and some 2 — B per 
cent, of finer (Ubris, whilst about 1—2 per cent, of the finest 
particles find their way into the nibs. It, is not possible to 
remove <‘very trace of the husk, though 05 })er cent, of tlie 
total quantity is ca])able of elimination, if care is exjiended 
and the machines are efficient. A certain quantity of the 
inner fine membrane adheres very closely to the nibs and 
cannot be removed by winnowing or sieving. Cacao mass 
(the nibs after milling) will show up to 2 per cent, of husk, 
and cocoa jmwders, with 30 i>er cent, of fat, will often be 
found to contain as nuich as 3 per cent., though, in both 
cases, a higher figure is usually recorded. 

At the Congress of Cocoa and Chocolate Makers held at 
Berne, in 1911, it was suggested that the provisional stan- 
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dard for cacao mass, cacao juiste or bitter clioeolate, should 
be as follows : — 

“ To consist of the products obtaimnl by grinding of 
roasted and decorticated cacao beans deprived of tlieir 
husks, and free as far as possible from germ and embryo. 
According to tlie iis(‘ to which it is to be put. it is ])(*nnitt<Hl 
to add or remove a varial)h‘ ])ro])ortion of cacao butter. An^^ 
added tlavoiiring must b(‘ liarmless.’* 

It was obvious from th<‘ diseussion that the (|ualituai- 
tions were included to me<‘t the i>‘([uirt‘ments of certaiii 
makers and vendors of bitter chocolate or cacao mass for 
certain ]mrpos(‘s. The first ])aragra])li should have stood 
alone. In addition to tlu^ first ])aragraph of tla‘ above, llu* 
following d(‘tails might be included among tin* re(pnrements 
of i)ure cacao mass : - 

(1) To contain not less than 45 jxu* (*<ait. ot canaio butter. 

(2) To contain not mort^ than 4 juu’ caad. of ash or 
mineral matter, (ratio of soluble to insolubh' ash not to 
exceed 2 : 8), 

(8) To contain not more than (» p<‘r cent, of moisture. 

(4) To contain not more than 2*75 p<*r cent, ol ])ento- 
sans. 

(5) Tocontain not morethan 18 ])er cent, of starch, (which 
must be ascertained to la* due to the ca(*ao onl\ , b\ means 
of the microscope). 

((*>) To be free from added or included husk, cacao buttei 
substitutes, starch, sugar, flavouring matters, etc. 

The pentosan figure, shown, is merely an indication of the 
amount of fibre i)resent and re])res(Uits some 6 [)er cent, of 
crude fibre. This, by whatevi^r method the estimation is 
made, is certainly a maximum figure for good bitter (hoco- 
late which, in the writer’s opinion, should not contain more 
than 5 per cent, of crude fibre. The analyses of all good 
chocolates show that this figure (after allowance has been 
made for added sugar and cacao butter) is not exceeded in 
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the cacao masH from which the chocolate is made and is an 
indication, again, that the best chocolates are the result of 
care and attention to detail. Chocolate containing, 10 per 
cent, of husk, or more, can readily be detected by a trained 
palate. 

The other sid(^ of the cpiestion is efficiency and economy, 
and it is unnecessary to line the winnowing and sieving down 
to such a ])oinJ, that any considerable quantity of small 
j)iecos of nibs pass away with the husk. The facts that 
foreign cocoa mer(‘hants used to ])ay high prices for the 
husks, esp(M*ially from (Terman factories, and that husks 
Irorn (‘erlain tactories in this country still (ommand a high 
pri«e show, among other things, that, often, a considerable 
quantity of valuable cacao, that miglit have been saved, 
?ltill fijids its way into the by-products of some chocolate 
factories. Delicacy and ease of adjustment of th(i machinery, 
used for this purpose, ar(‘, therefore, essential to an up-to- 
date chocolate plant, and it cannot be pretended that some 
firms, that tlu' author knows, are as fully aware of the neces- 
sity and desirability of attention to this matter as its imj)ort- 
ance demands. 

Ibis is only ont‘ point, of many arising in the 
manufacture^ of chocolate, that belies the statement that 
‘ any fool can make good chocolate out of good materials,*’ 
for, starting with the best cacao beans and the best of other 
ingredients, the finished chocolate can be ruined by allowing, 
through inatttuition or through imperfect machinery, too 
much husk to lind its way into the nibs. 

The need of removing the germ is as important as that 
of depriving the nibs of husk, since this is a hard body which, 
besides being valueless for flavour and slightly bitter, is 
extremely gritty when ground. The advantages, gained by 
installing a germ-5bparating machine, quickly repay the 
small expenditure. The author has made chocolate with a 
preponderating quantity of germ present and has foimd not 
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only a great deterioration in the natural aromatic flavour of 
the chocolate, but has experienced the greatest difficulty in 
refining down the grittiness due to the germ, a fact which 
may account for the occasional hard grit to be found in some 
of the higher quality chocolate, if insufficient attention has 
been paid to the removal of the germ. Quite recently, the 
author identified under the microscope several pieces ot 
germ in one highly popular “ fondant ** cl^colate in this 
country. 



CHAPTKK Xlll 

ftflLl.lNii PRKJ»AliATI()X OF COOOA POWDER- EXPRESSION' 
OF FACAO lU TTEU “SOJA'HJJN” COCOA POWDERS 

At tliis point (‘oiih*s tin* parting of the ways. If tljo 
beans have been fully roasted, ib(‘ nibs, after ])a-ssing tbrougli 
tile nibbing, busking and winnowing inaeliine, may go 
directly to the mills to be ground down to a [laste for further 
treatment, to obtain — 

(a) Cocoa j)owd(‘r. 

(h) Chocolate. 

If, liowever, the beans have been partially roast < hI 
(wlietlier treat <‘(1 j»reviously with alkali solution for making 
^‘soluble” cocoa powder or not), tb<*y have been dried only 
just sufficiently to facilitat(‘ the removal of the busk on the 
nibbing and busking machine. The nibs, in such cases, may 
be ground on granite rollers, since, being insufficiently roasted 
for passage through the mills, it is reipiired to reduce them 
to a jiaste either for expression on the cocoa presses or for 
conversion into chocolate, which latter may also be accom- 
])lisbed by jilacing the nibs, with or without sugar, in a 
“ melangeur,” 

The methods of treatment of the nibs have now become 
so numerous that it is neitlier desirable nor necessary to 
discuss any jiarticular process, but rather is it preferable to 
consider the special uses of every machine that has been 
found to be suitable for the general manufacture of cocoa 
and chocolate, individual processes being detailed as they 
arise. 
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The greatest advantages of milling are : — 

(1) Preliminary reduction ot the nibs to a moderately 
tine condition. 

(2) Thorough blending of the mixed and blendt‘d nibs. 

(d) Convenience of storing block bitter chocolate, in 

preference to boxes of nibs. 

(4) Maturing of the cat ao, when stored in blocks. • 

In addition, there are num<u‘ous small iiil vantages to be 
derived from milling, among ot litas the saving of waste, if, 
by any chance, the blend has been incorrt;ctly made or the 
beans badly roasted, materials which would have otherwise 
been incor])orated with sugar and addtal cacao butter, if 
the nibs liad been pounded down with the sugar id a 
“ melangeur.” 

A])art from this, milling prevents the li\'ing from hand 
to month in the factory, whit'h woidd olhtu’wise take ])lace, 
and enables a stock of bitter chocolate, corrt*ctly blended, 
to be always ready to hand. 

For the manufact ure of <‘ocoa. powder, then^ can be no 
(question of the gieat advantage to be derived from the 
reduction of the nibs to a moderately smooth homogeneous 
mass, in which most of tlH‘ fat (adls have bi‘en rujitured 
sufficiently to allow easy ex[)ression of the fat in the press. 

The Cacao Mill. 

In modern mills, the nibs are fed into a hop])er, so that 
they fall betM^een a pair of nwolving stones, the highest 
and first of a series through which the paste will have to 
pass during the grinding process. 

As the nibs contain a large percenlage of fat, they are 
readily reduced to the liquid state by the application of 
heat, and, to this end, the stones under which they pass are 
usually encased in steam-heated jackets. The greatest use 
of the steam-jacket is, however, at the commencement of 
milling, to heat up the cold stofaes, as. subsequently, the 

ii— « 
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heat' of friction is sufficient to maintain the necessary 
temperature. 

The grinding mill may consist of a single i)air, double, 



Fiu, 7.— Doubl.’ UiiM. OriiHlinu Mm, wuh ;i;»-im h atitl IlU-iiicli Tuji Uumicr 
(See p. 168 .) 

hy pfmmion of Mfitnn. Jtmpk Baktr, Sons, anil /Wting, lAd. 

or triple pairs of stones (Figs. 7, 8, and 9), the liquid cacao 
running from one to liie other, in succession, as it undergoes 
reduction to a smooth consistency. The cacao mass flowing 
from the last pair of stones is in a semi-liquid state at a 
temperature of about 45° C. 
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The liquid Ilia I (‘()uh‘s from I lie mills should be of such 
u (‘ousisleiicv that lla* lal has hetui largely ex])ressed from 



Fkj, ft. -Triple (’.ua<. (iriiuhnu Mill, with :i;Mnrh and ;m-inoh Toi, Runner Stones 
(!Se<>p. IC8) 

Hy prrmx^niot, of ./oxr/,A Holer. Som, and Perkint, Ltd. 

the cells, and the nibs reduced to the finest state of division 
without undue heatin^q during their passage througli the 
stones. In this state, the success of the previous processes 
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can be well judged from the flavour. The cacao liquor is 
usually run into pans and cooled. When solid, the cakes 
may be removed and block-stacked, though it is doubtful 
if any great develojunent or improvement of flavour occurs b}^ 
keei)ing the bitter chocolate or cacao mass in this condition, 
at any rate for any length of time. It is certain, however, 
that the bitter chocolate, if kej)t in this way, should be 
stored in a cool, clean room, otherwise it will tend to melt 
and waste, and the cocoa moth is by no nieans averse to 
laying its eggs u})on the blocks of chocolate, especially if 
they are undisturbed for some weeks. 

An interesting point of some importance is to be noted 
especially by the chemist or th(‘ person who seltads/he 
sainide for analysis. Afler leaving the mills and standing 
to cool in the ])ans, tlie liquid is inclined to separate into 
layers, the ii])]>er containing most fat, the lower ])art most 
of the h(‘avier ])articles. It is not uncommon to find as 
much as (>0 ]m' ('(*nt , of fat in the ii)>per layer, if the cooling 
to a solid state has been slow. For this reason, shallow 
])ans are advisable and most commonly in use, sini'e there 
might be a tendemw, if larger and dee})er i)ans were em- 
])loyed, to throw in morc^ of the upper portions of the blocks 
for a mixing, with a consequent excess of fat. In samj)ling, 
this is a continual source of annoyance, and, when analysing 
or tasting the cacao mass in cake form, this point sliould 
not be overlooked. 

Single, double, trii)le, or even five-stoned mills can be 
obtained from any maker of chocolate machinery, and, 
though their introduction is of comparatively recent origin, 
they are now looked upon as necessary additions to the cocoa 
and chocolate factory. 

The reduction of the nibs to a fine homogeneous mass 
. facilitates the incorporation of the sugar which is added to 
it in the “ melangeur,” if chocolate is to be manufactured, 
and enables blends of different varieties of cacao beans, 
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separately roasted, to be made, so that a uniform and even 
mixture is obtained. 

In the double cacao mill, illustrated, the capacity of 
output is about 1,000 lbs. of fine cacao liquor per ten-hour 
day. The machine occupies about 8 feet by 3| feet floor 
space and is 7| feet high. 

, It has been proved that si ones of too large a diameter 
often overheat ^he cacao and damage the flavour of the 
product. In the machine designed by Messrs. Lehmann, 
this danger lias been obviated by very careful consideration 
given to the size limit, without curtailing the output. Only 
a slight warming of the stones, by means of the steam coils 
jdafed underneath, is required before starting. The feed- 
ing ajiparatus is adjustable and acts automatically, whilst 
the rate of progress of the nibs through the mill can be 
watched through a glass tube connecting the hojiper to the 
first pair of stones and controlled at any time without 
difficulty. 

In America, the triple mills are most popular, and the 
author saw several of Messrs. Lehmann’s machines with 
stones between 40 and 44 inches diameter doing excellent 
work. The speed at which the fast pulleys are run is 
usually about, 125 revolutions per minute, and the machine 
recpiires 15 horse-j)ower. 

A considerable amount of attention has been paid to the 
quality and size of the mill-stones used and to the speed 
with which they revolve, since unsuitable stones, or of too 
large a size or too quickly revolving, overheat the cacao 
with disastrous results. Here, too, the practical experience 
of years is to the hand of the manufacturer or the would-be 
cocoa and chocolate maker. The best stones are the French 
burrs, which, cut in a certain manner to ensure close grind- 
ing with maximum output and minimum heating, cannot 
be equalled when erected by the best engineers. Too much 
heating has been obviated, usually by allowing only the top 
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stones to revolve, but not a little of the success of the pro- 
cess depends upon the selection of the stones. The feed of 
the nibs to the stones must be nicely regulated, so as not to 
give too much work to the mills to do. Again, so much 
depends upon the work put into the machine that it is quite 
false economy to purchase mills because they happen to be 
cheap. It were better to exclude the milling process altu- 
gether than to work with machines that coijld not be relied 
upon or that Avere liable to spoil the cacao product. 

Messrs. Josejdi Baker, Sons, and Perkins, Ltd., have 
quite recently produced a “ heavy weight ” stone double or 
triple cacao mill which is known to give excellent results. 
The stones are of a liner grain than the PreiU'h burrs and 
somewhat softer, but, owing to the introduction of s])ecial 
cutting j)lates and new methods of cutting the stones, a very 
tine cacao liquor is obtained. The objection to the neces- 
sity of re-dressing the stones rather more often than in the 
case of French burrs may be a serious one, but the smooth- 
ness of the resulting li(iuor is little short of remarkable, after 
experien(*es with some cacao mills on the market, and surely 
compensates for the extra trouble. 

Preparation of Cocoa Powder and Expression of Fat. 

It has already been shown that ca(*ao nibs contain some 
50 per cent, of fat. This high content of fat makes the con- 
sumption of the beverage, prepared from pure cacao, too rich 
and indigestible for persons afflicted with weakness of the 
stomach, and, moreover, the presence of so large a (|uantity 
of fatty matter prevents the complete mixing of the cocoa 
tand water used in its preparation. 

In the early days of cocoa powders, the fat was extracted 
by submitting the nibs to a lengthy boiling in water, when 
the fat, rising to the surface, was skimmed off and purified, 
and the nibs, partially defatted, were plac^ed in linen bags 
and subjected to pressure at a temperature about the boiling- 
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point of water, in order to remove further portions of fat 
and moisture. In tliis way, about 50 per cent, of the fat 
present was removed, but tlie resulting cocoa powder was of 
poor ((uality, having lost its line aroma and colour from pro- 
longed boiling in water, and was, moreover, liable to turn 
mouldy, owing to the presence of moisture which it still 
c4)n1ain(Ml. 

Other methods, still in existence, of lowering the per- 
centage of fat in cocoa janvder are by additions of starch 
and sugar. Such ]U'c])arations cannot b(‘ termed “ cocoa 
])Owder, ’ which should consist of ])ure defatted (aicao only, 
and whi(‘h, when sold to tia^ ])ublic, should bear on the ])acket 
or 4-onta.iru*r printed notiticat.ion of any added material. 

The Cacao Butter Press. 

The method now usually adoj)ted in the ])reparati()n of 
cocoa powders is to run the cacao mass from the grinding 
mills direct into a press, where it undergoes extreme ])res- 
sure, applied hydraulically, whereby some (>0 to 70 ])er cent, 
of tin* tat is reinoNed. Some manufacturers ])refcu* to I’un 
the cacao li(pior from tlu* mills through a tliree- or liveooll 
retiiH'r bidore passing it to the j)resses. In this way, the 
siz(? ot the c()(*oa ])owder particles is considerably reduced, 
thus increasing the yield of cacao butter and aiding tlie 
disintegration of the powder in the later ])rocess. 

In the modern cuj» hydraulic })ress, of wliicli an 
illustration is giwai (Fig. 10), the framework receivers and 
])lunger dishes art' of cast iron and are made with steam 
j)assages, so that the machine can be rapidly heated, ready 
for use. The receivers slide forward on rails for tilling, and 
the capacity of a four-pot machine is about 90 lbs. ])er 
charge of foiir receivers. If a smaller charge is required to 
be expressed, any of the ret^eivers may be fitted with iron 
dummies, so that one or all the })ots may be temporarily 
put out of use. 
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Fio. 10 — Ton-p<it Hy«lraulif (’aca<» BntU*r Pre«M, with Pump, etc, (Sec p. 170.) 

By permitsion of A/m*/*, Jofirph Bakfr, Sonn, ntui PerkinM^ Ijti. 

When the press is working, a piston fits telescopically 
into each cnj), and the i)ressure, i)rovided by a pump, forces 
the fat from the nibs, whilst the close fitting of one part in 
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the other and the inclusion of filter-pads preveift the escape 
of the cacao mass with the fat. 

The fat, extracted by this method, will require filtering, if 
it is to be put upon the market, though such a course will be 
unnecessary, if the butter is used direct in the factory. If 
purification of the fat is necessary, it may be melted down 
md allowed to settle in a warm room, and the top portion 
may be drawn^off, when all the sedimentary matter has 
settled to the bottom, or it may be filtered through a series 
of tlamiel bags. 

For filtering hirge (piantities, si)ecial machinery has been 
designed, in which the molten fat is passed first through a 
hair sieve to remove larger ])articles of cacao, etc., and 
then through hanging removable filter-bags, ke])t warm in a 
large tank. The tank receives the filtrate and is fitted with 
a gauge glass, so that the level of the fat in the tank can be 
as(^ertained. 

Where large (luantities of nibs are to be expressed, a 
battery of ])resses may be emj)loyed with advantage, and 
considerable economy and time can be effected by using an 
accumulator, attached to one large powerful pumj). The 
pressure is maintained in the accumulator, which is con- 
nected to the i)um]) on the one hand and with the presses on 
the other. The accumulator is coupled uj) with th(i j)resses 
tlirough suitable inlet valves, and, as each press is furnished 
with a pressure gauge and the necessary valves, and as the 
actions of the ])ump and accumulat or are automatic, the work 
is greatly simplified, and a constant pressure is maintained. 

The fat or <*ocoa butter ’ of commerce, more correctly 
trermed ' ‘ cacao butter , ’ should be pale yellow and of a pleasant 
(diocolate aroma and flavour. If too great heat has been 
used during it^ expression, the fat will be a dull grayish 
white, whilst, if tlie beans have been insufficiently roasted, 
the smell and taste of the butter will be “ grmn ’’ and 
unpleasant. 
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As ill all cases of niaiiufacluro, technical skill and experi- 
ence produce the best results, and, even \sith the highly 
efficient machinery at the coimiuind of the manufacturer, 
bad and inferior cocoas and cacao butters are jilaced on the 
market, through little or no attention being jiaid to the 
details of one or other of the many processes through which 
the cacao has to pass before being tit for consumption. • 

Cocoa Crushing Mill and Disintegrator. 

The cocoa, left in the iiress after the fat has been ex- 
pressed, is removed and allowed to cool. It is then ])assed 
through a crushing mill, which consi'^ts of a jiair of rollers 
fitted with teeth, and the mass is reduced to a tine )K)wck‘r. 
It may then be passed through another jiair of smooth 
rollers" which complete the disintegration, and. after slight 
heating to reduce the cocoa to a light friable state, the 
powder is conveyed to the sifting machine. 

Cocoa Sifter. 

The sifter consists of a hopper into which the cocoa 
powder is delivered, and which, being furnished with a shake 
feed, delivers the cocoa into a rotating inclined hexagonal 
drum, covered with a fine-mesh silk. 

The sifted cocoa falls into drawers, and the tailings, or 
portions which do not i)ass through the tine mesh, are 
carried over into a receptacle, placed at the end of the 
machine, whence they can be conveyed and returned to 
the crushing or disintegrating rollers to be re-ground. 

This is one method of reducing the cocoa powder 
blocks, from the press, to a tine state of division ready for 
packing. When in New York, the author was shown, at the 
offices of Messrs. Lehmann Company Inc., the design of a 
complete automatic cocoa powder plant which he had 
seen previously in operation, working admirably. The 
plant consisted of a “ melangeur ” for crashing the cocoa 
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powder blocks and a Schulz O’Neil disintegrator for reduc- 
ing the powder furtlier, coupled together, and with a cool- 
ing and sifting plant from which the cocoa powder was 
delivered diiect into trucks. The cooling arrangements 
wt^r(! admirable and ca])able of easy i*egulation, and the 
cocoa powder whi(‘h, though in(*vitably heated somewhat 
iy tin* disintegration, aft(*r ])assing through the cooler liad 
again ac(juired an excellent colour. The maintenance of 
colour in cocoa powd(‘r is no easy matter, if much friction 
occurs after it has become cold. It is for this reason that 
sieving arrangeiiauits ])rov(‘ very defective, and there is 
much to hv said for wind-sifting, which separates the tine 
frojn th{‘ coarse ijarticles to any degre(\ without bringing 
about dullness or whiien<‘ss in the cocoa ])owd(‘r. In th(‘ 
automatic i)lant of Messrs. Lehmann, tin* ])owder is sieved 
after <‘ooling, but it does not s(‘em to suffer much in colour 
during the i)rocess. The tailings an‘ automatically carried 
back to th(^ disintegrator by a worm (‘onveycu*, wluTe they 
are again reduced and returned to the cooling chamb(‘i‘. Tiu^ 
})ow(^r reipiired for driving tlu‘ whok* plant was supj)li(‘d by 
one 25-11, p. and one lO-h.p. motor. 

With regard to tlie temjieralure to which cocoa jKiwdfU* 
may be heated without deterioration of (*olour. it may be 
asserted that it has always been n'cognised. lirstly, that, if 
cocoa jiowder is heated, it must be subse(piently cooled it 
the colour is to be retained, and. secondly, that attrition of 
the cocoa powder, after cooling, is inclined to cause dullness 
and grayness. The Massachusetts Chocolate Comiiany 
(Eng. Pat. 14, 450, 1914) has ])erfected a system whereby 
the cocoa cakes are broken and heated to a certain tempera- 
ture, 120^ F, to 1B5° F., to the former if the cakes are warm 
from the press, to the latter if the cocoa cakes are cold. By 
these means, colour Ts imparted to thtV cocoa which it is 
necessary to ** set.” The ” setting ” of the colour is accom- 
plished by cooling quickly and uniformly in a current of air, 
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at 40 F. to 45° F., which carries the powder and segregated 
particles from the breaking machine through chambers con- 
taining cooling pipes, where, by contact with the pipes and 
with one another, the cocoa is claimed to be reduced to a 
degree of fineness equivalent to 90 per cent, efficiency. 

“ Soluble ” Cocoa Powders. 

The term “ soluble/’ as a])plied to treated cocoa }>()wders, 
is undoubtedh" a misnomer, for flie i)ropertv, attempted to 
be acquired by tln^ manufacturer of so-called “ soluble ” 
cocoa, is in reality an emulsification, by .means of wliicli no 
de])Osit is formed at the bottom of a cuj> of prepartMl cocoa, 
even after ])rolonge(l standing. At first, this result was 
obtained by the incorj)oration of starchy matters with the 
cocoa j)ow'der, so that the starch, gelatinising on addition 
of boiling water, nia(U‘ a sticky and viscous mass which 
materially hindered tlu‘ heavier particles from settling. 

Hassall * was a strong opponent to this method of ren- 
dering cocoa i)ow(ler''“ soluble ” and, in his book on “ Adul- 
teration of Food, (*tc./’ condemns the ])ractice not only by 
showing microscopic drawings of ])ure cocoa powders against 
those of cocoas with tlie addition of starch, but also 
by (juoting lengthy (*ross-exaininations of witnesses at 
the Parliamentary Commission, held to investigate the 
matter. 

James Bell, in “ The Chemistry of Foods,” f says : 
” Most of the other ])re])arations of cocoa, wdiether sold as 
soluble cocoa or chocolat(*, consist of mixtures of cocoa nibs 
with various substances ground together into a smooth 
paste. In the manufacture of soluble cocoa, arrowroot, 
sago or some other starch, and sugar, either dry or in the 
form of a syrup, are combined with the cocoa nib paste. The 
admixture of starch with the cocoa paste tends to mask the 

* “ Food : its Adalt«rstion, etc.,” I87H. 

t J. JSeU, “ The Chcmietiy of Foods,” 1887, 74L 
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j)resence of the fat and to render the cocoa more readily 
miscible with boiling water.’* 

C. J. Van Houten was the first to attempt to treat cacao 
with chemicals, so as to render it more readily retained in 
suspension when mixed willi water, without the addition of 
foreign starches. 

r By treating cacao with alkalis, such as potassium or 
sodium hydrates or carbonates, ammonia, or magnesium 
carbonate, the tissues of tlie kernel are })artially disinte- 
grated, and the material is capable of suspension in water or 
milk to a greater degree. 

The sliglit saponification of the fat is also largely 
responsible for the formation of a satisfactory emulsion 
that will not allow the heavier ])ortion of cocoa to dei)Osit 
on standing. 

The addition of alkalis to cacao has not met with uii- 
(pialitied approval, and there are many who, while readily 
acknowledging the su]>eriority of the beverage resulting 
from the beans or co(*oa so tieated, a.re not })repared to 
admit that the inclusion of chemicals is not prejudicial to 
health.* The nutritive value and digt^stibility of alkalised 
cocoas are discussed in a subseipient chapter. 

The so-called “ solubility ” of modern cocoa powder is, 
however, a distinct advantage to the consumer, and, in the 
opinion of many, the treatment greatly enhances the 
flavour. 

Bordas f has discussed the matter at some length and 
admits that, though French manufacturers, in general, do 
not add alkali salts for the ])urpo8e of j)roducing “ soluble ” 
cocoa, the importation into France of foreign cocoa, so 
treated, has, of late yeai*s, reached very large proportions. 
In considering the dgsirability of addition of alkalis from the 
point of view of health, and the need of regulating by law 

♦ Vidf discussion in Reports of ('ongress at Geneva and Paris, 1908, 1909. 

t Bordas, *4aa. de« FaUtif, 1910, iii., 61 — ^70. 
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the quantity added, Bordas points out that natural cacao 
mass contains from 2-46 per cent, to 3*05 per cent . of potash, 
estimated as KgO and calculated on the dry fat-free sub- 
stance, whilst sani})les of soluble ” cocoas contain from 
4-82 per cent, to G*41 per cent, of the same material. As 
there is no direct evidence of injiiry done to the liealth by 
the consumption of such cacaos, Bordas concludes that, 
])rovided the (piantity of ])otasli is not allowed to become 
(‘X(‘essiv(‘, tliere is no harm in treatin^:^ llie (auaio with 
alkalis. 

The same author remarks that l^el^ium, Italy and 
Switzerland jirohibit the sale of cocoa containing more than 
3 j)f‘i* (-ent. of alkaline carbonate, and that , in Jtoumania, the 
limit is fixed at 2 jier cent. The United States prohibited the 
sale of cocoa ('ontiiining any added alkali, and the same 
regulation obtained in Austria. This statement is, Ijow- 
ever, not strictly accurate, and the regulations obtaining 
in different countries, on this point, are discussed in a later. 
])lace. 

The invention of C. J. Van Houten, in 1828, marks the 
first ste]) in alkalised ('ocoa powders, and is usually called 
the “ Dutch i)rocess.” Firstly, the extremely fine com- 
minution of the cocoa ])Owder renders the de])Osition of tlie 
heavier particles from a cup of cocoa more difficult., and, 
secondly, the formation of an emulsion by the addition of 
alkali lieljis towards the same end. The arguments that, 
have raged against the use of alkali from the hygiene point 
of view de])eud, on the one liand, upon the rabid diete- 
ticians and, on the other hand, upon the more irrational 
chemists. 

By treatment with potash, the ratio of soluble to in- 
soluble ash, originally present in the cacao as about 46 : 54, 
is increased in favour of the soluble ash to about 80 ; 20. 
From this point of view, the treatment with alkali is a dis- 
tinct “ solubilising ” process. Treatment by steam or 

w c 12 
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ammonia will not bring about this increase of soluble ash, 
but, on the other hand, these operations will not increase 
the ash figures at all, the only point in their favour. 

Potash treatment improves the flavour and odour of 
cocoa powder and darkens the colour, the latter effect being 
due, j)robably, to the oxidation of the alkali salts of tannic 
ficid which is to be found in untreated cacao. Further, the 
treated cocoa 4 ) 0 \\'ders are not alkaline in reaction them- 
selves, whilst untreated cocoa powders are acid, due both to 
acid salts of phosphoric acid and to tannic and other free 
organic acids. The effect, then, of the addition of alkali 
is to neutralise acidity, with the formation of potassium salts 
of»phos})horic, tannic and other acids which, on incineration, 
will yield an alkaline ash. 

Owing to the weakness of its basicity compared with 
j)otash, ammonia is far less efficient, and the difficulty of 
removing the objectionable ammoniacal flavour is obvious. 

If too much alkali is added, clearly, the cocoa powders 
will show an alkaline reaction, and, on calculation, it is 
found that from 2 — 3 j)er cent, of added alkali, as KgCOg, is 
sufficient to bring about neutrality. Analysis of Van 
Houten’s product shows from 2*05 — 3*05 per cent, calculated 
as K 2 CO 3 on the dry powder. 

The usual mistake of manufacturers, commencing to 
make “ soluble ” cocoa powders, is that of adding too much 
or too strong alkaline solutions. It is necessary to add just 
sufficient alkali to neutralise the organic acids, and of just 
suflBcient strength to oi)en effectually the pores of the tissue 
of the bean. Two parts of potash to 100 parts of the bean 
should be quite enough to accomplish these two objects. 

Treatment with steam is effective in rendering cocoa 
“soluble,” but fog, another reason. Cacao contains about 
12 per cent, of starch, calculated on the fat-free nib, and the 
action of steam is to cause the starch grains to swell, when 
they readily take up water and become more or less soluble 
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on the addition of the liquor when the beverage is prepared. 
The cocoa becomes viscous by this treatment, though, in 
reality, it should not be different to the cocoa beverage pre- 
pared, in the proper manner, by the addition of boiling milk 
or water and by a subsequent further boiling, when the 
starch grains will swell, producing a viscous beverage with- 
out preliminary treatment of the j)Owder. * 

• 

Methods of Application of Alkali. 

The treatment of the cacao with alkali may be accom- 
plished with water and heat, with or without pressure, with 
the alkalis potassium, sodium or magnesium prbonates, 
usually used in Holland, or with solutions of ammonia* or 
animonium carbonate, often employed in Germany. The 
hydroxides of sodium and potassium are also used in the 
production of “ soluble ” cocoas. 

The alkalis may be applied before, at the time of, or after 
roasting, before the pressing, and, consequently, after mill- 
ing, or after the pressing. 

There is, therefore, ])lenty of scope for the manufacturer, 
and, if one method does not give the required result, another 
may be tried, for the treatment witli any one alkali, at any 
one stage, does not produce a cocoa similar in flavour or 
qualities to that treated at a different stage in its manufac- 
ture with a different alkali. 

If the cacao is to be treated before roasting, the beans 
may be subjected to the influence of steam and ammonia, 
which is the method suggested by Btaehle in a German 
patent. In this process, he suggests that the operation be 
carried out beloAv 100® C., and the beans subsequently 
roasted at 130® C., when the ammonia, being volatile, is 
driven off, and the aroma of the cacao is developed. 

Neumann, in a French patent obtained in 1909, washes 
the beans in a solution of alkali at 50® C. The cacao is 
removed, and the temperature gradually raised to 120® C., 
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'W'hen the beans are roasied. In subsequent processes, the 
shells are removed, and the nibs ground to a paste, when, 
before or after expressing the fat, the mass is again gradually 
heated to 100° C\ and ground in a “ melangeur ” from one 
to twenty-four hours. By these means, he claims to obtain 
a “ soluble ” cocoa ])owder of tine flavour. 

• The beans may he treated with alkali after a slight 
roasting; thus^in one ))roc(‘ss, the beans, after being gently 
lieat ed and shelled, ar(‘ sjU’inkhal with a solut ion of ])Otassium 
carbonate containing 1-5 per cent, to 8 ])er cent, of the 
alkali. If too iniu'h alkali has been added so as to give an 
un])leasant tast(‘ to the cacao mass, a solution of tartaric 
a(^d is ad(h‘d to n(‘utralis(‘ the effect. The mass is now 
fully roasted ov(‘r a gtadle lire in a clean roaster, and great 
care has to be taken to prevent the treated cacao from burn- 
ing, as tlu‘ mixture, clinging to the revolving roaster, is 
likely to beconu' supcaheated where in contact with the metal. 
Subse(iuently, th(‘ dri(*(l cacao is expressed. 

Neumann, in an English j)atent, 1010, ado])ts a some- 
what similar ])roci?ss. By this method, the beans are com- 
]»letely roasted and liusked, and the nibs, reduced to a 
coarse meal, are slightly ])ressed, to get rid of some of the fat.. 
The partially defatted cacao is then treated with alkali and 
again pressed. 

Pie])eiv in a (lerman })atent of 1898, besides providing a 
specilication, gives scientitic arguments in favour of his 
process. Briefly put, the process and arguments in its 
favour are as follow : — Tlie raw beans are treated with an 
alkaline solution to neutralise the free acids, of such a 
strength that neutrality is not exceeded. The beans are 
allowed to ferment , somewhat , for twelve to forty-eight hours, 
dried and roast edy The fermentation process in a neutral 
or slightly alkaline solution is said to render the albuminoids 
more easily digestible, whilst the roasting converts the 
starch into dextrins after liydration. The fermentation is 
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claimed also to convert the blue-violet or slate-gray colour, 
characteristic of some cacaos of lower quality, into the red- 
brovn colour, of the better kinds of cacao, which is so mucli 
sought by the cliocolate manufacturers. Pieper’s ])rocess 
( insists in adding, tirst. of all, about ten parts of water, at 
20° 22° C., to 100 ])arts of cacao and in neutralising the free 

acids (determined cliemically) by the c.orrc‘ct> amount oi’ 
alkali. The fermentation is allowcai to taki^ places in woodtai 
vessels, and a rise in temj>erature is noticed after three to 
SIX hours. During fermcaitation, the beans rise in tcunpera- 
tuie to 2< 20 C which should be maintained for about 

loity-eight hours. The ncMitralisation ot thc^ acidity is 
claimed to })revent coauulation of th(‘ milk, siibseijiumMy 
a(ld(*d to cocoa ])owder ])re])ared in this manner, and to 
ac'tivate the (‘iizynies contained in tlu* cocoa. 

Some of the claims are obviously (extravagant, though 
the author has seen good cocoa, of the “ soluble ” sort, pre- 
])ared in this way. It is doubtful, however, whether the 
efficiency of Piepta’s ])rocess is greater than th(‘ simjile pro- 
cesses of adding alkalis direct to the cacao mass or cocoa 
powder, jirovided that a chemical check is kej)t upon the 
amount of alkali added, so that, the organic*/ acids are onlv 
just neutralised. 

The best insults that we have obtained are from a pro- 
cess substantially as follows: — The beans are halt roasted, 
crushed, husked and winnowed, and ])laced in wooden 
troughs or tubs containing some 100 lbs. of nibs. A solu- 
tion of one part of potash in live parts of water is worked 
well into the nibs, in quantities sufficient to neutralise the 
organic acids in the nibs, previously determined in the 
laboratory. The troughs or tubs are covered with boa/'ds or 
damp cloths and conveyed to a room at about B0° C., where 
they rest for twenty-four to twenty-eight hours, to under- 
go a light fermentation. The nibs are then roasted fully in 
a roaster from which it is possible to remove the moisture 
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given off, the gi*eatest care being taken that the cacao, now 
deprived of its protective coating and husk, does not burn. 
The subsequent treatment, milling and pressing, is the same 
as for ordinary cocoa powder. The nibs may be dried before 
the second roasting by placing them in shallow trays in the 
hot room or by other convenient method. 

• In yet another ])rocess, magnesium carbonate, or, better, 
a strong solution of caustic potash (90 — 95 per cent.), is 
mixed in, or s])rayed on, to the cacao paste from fully roasted 
beans, and, after thorough mixing, the treated mass is 
pressed in the usual way. Another process is described as 
follows : — “ To 100 lbs. of cacao paste are added 2 to 8 lbs. 
of •potash, dissolved in 1 to gallons of water, and the 
whole is thoroughly kneaded in a dough mixer or a])])aratus 
of similar construction. If ammonium carbonate is used 
instead of potash, | to 8 lbs. are used for the same bulk of 
cacao past e with t he same volume of water. The treated cacao 
is then placed in the hydraulic press, and the fat expressed.” 

The ap|)lication of alkali may be made, after the fat has 
been expressed, in the form of a liquid spray, and, in such 
cases, potassium carbonate, and not ammonia or ammonium 
carbonate, solutions should be used, as it is extremely diffi- 
cult to rid the treated cacao of the ammoniacal smell, if no 
high temperature is employed subsequent to their applica- 
tion. In all cases where aiiueous solutions are used, care 
should be taken to free the cacao mass or powder from water, 
as, without such ])recaution, the resulting powder is liable to 
turn mouldy. 

There are other processes for making “ soluble ” cocoa 
powders, which do not entail the use of alkalis, but, as these 
depend largely on treating the cacao with boiling sugar, it 
has been thought desirable to defer their discussion until a 
later chapter which deals with cocoa preparations and mix- 
tures of cocoa with sugar, milk powder, etc. 

There are, also, many mechanical processes for rendering 
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cocoa “ soluble.” To quote one example (English Patent 
14,758, 1913), BergmUller recommends the treatment of the 
cacao mass at 60® — 65® C. in a centrifugal machine for four 
to five hours when, it is claimed, the cacao butter is brought 
to the surface of the particles, whence it can be more readily 
and completely expressed in a hydraulic press, under a pres- 
sure of 600 atmospheres at about 88® C. ; or the cacao masp 
may be treated with one litre of water per 100 kilos of cacao 
previously to putting the mass into the jfress, the water 
being absorbed by the hygroscopic particles of cocoa. Such 
devices, however, whilst probably facilitating the removal of 
a large quantity of fat, do not make for a good cocoa powder, 
but rather for a large yield of cacao butter. , 

Owing to the considerable demand for “ soluble ” cocoas 
in recent years, it has been found necessary to increase the 
efficiency of existing machinery and to create ne^v, in order 
to accelerate the process. 

The following plant is necessary to manufacture about 
1 ton of pure ‘‘ soluble ” cocoa essence per ten-hour day. 
The machines should be obtained only from the best engineers 
in the industry : — 

One machine for cleaning and sorting cacao beans. 

Two cacao-roasting machines. 

One exhaust fan, with two cooling trolleys. 

One cacao-crushing, cleaning, hulling and separating 
machine. 

One germ-separating machine. 

Three triple cacao mills. 

Three hydraulic cacao butter presses, with one accumu- 
lator. 

Two Universal,” or similar mixers. 

One automatic pulverising plant, consisting of : — ^ 

One breaking machine. One pulveriser. 

One sifting machine. 

Total h.-p. required, about 20. 



(’HAl^THK XIV 

ANALYSES OF OOOOA POWDERS, “SOLUBLE,” DIETETIC, 
I’ROPRIETAKY. ETC. 


Accoudino to tlio ])ro(*(‘ss(‘s to Avliicli tlio b(uins have been 
submitted, described in the preceding cba})ters, so will the 
cocoa })o\vders, pre])ared from them, show, on analysis, vary- 
in^^fa t - and asli-cont (ait s and differing valu(‘s for the alkalinity 
of th(* miiuaal mattt‘r. 

Tims, a |) 0 \\d(‘r which has becai luanily expressiHl mav 
show’ as low a fat -content as 10 jXT ccMit., rising to 40 pel* 
cent., if the pressun* of the extracting jiress has betai light. 

Or, again, the application of alkalis, such as iiotash and 
potassium, sodium or magm^sium carbonatt^s, will be more 
ajipariMit in tlu' analyses of tlu‘ tinislied cocoa powdei*, if it 
has b(H‘n made to tlu' nibs, cacao paste or ])ow(h‘r, than in 
c.as(‘s wher(‘ the b(‘ans have been tn'ated still in their shells. 

The volatile* alkalis, ammonia (jr ammonium carbonate, 
will not show on analysis, as it is improbabh* that they form 
any stable compounds with the com]K)nent parts of the 
cacao, and tluy an^ unlikely to ajipear in the ash. On the 
other hand, a cocoa jiowder showing a very high iiercentage 
of nitrogen may be susjiected of being treated with, and not 
fre(d from, ammonia, though it is unlikely that any ammonia 
or its compounds could be juesent without serious detriment 
to thej^lavour. 

Stutzer,* howev^', who has made a close study of the 
effects of the different processes of manufacture on the 
resulting analyses, claims to be able to detect cocoas pre- 

• Stuticr, ZfjfwA. anffeir. C'AffM., 1891. 
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pared by treatment with ammonia. His results are given in 


Table XXXIV. 

Tablp: XXXIV. — A nalyses 
influence of methods of 
obtained. 


Water .... 
F'ibre .... 

Nitrogen -fi'ee e\traet 
Total luf roi^eiions snliKtati( <*.s * 
Fat. .... 

Ash I . . . . 


•"t 'ontainiDU total nitrogen 
Com posed <tf - - 
Theohnunine 
Ammonia 
A mido -com pounds 
Di^es^ible albumen 
Indij^est ible nitrogenous substances. 

Containiiiii nitrogen . 

I’rofiortion of total nitntgen indiges- 
tible 

I Containing- 'rotal . 

soluble in water 
Jiatio of tnfal l*.jt ). to sohUtlf 
Ash soluble in water 
Ratio of fatal ash to Koluhh 


of Cocoa Powders, showimj 
manufacture on the flijures 


' 

II. 

IN 

IV. • 

4 :»o 

M KM * 

0 .50 

5 41 

:t :t(> \ 
‘AH (>2 j 

M7 48 

.Mo nn ! 

MO 00 

20 S4 

1 0 88 

i 20 DM i 

10 25 

27 HA 

Mtl 51 

27 .14 

MM 85 

r>-or» 

8 MO 

1 i 

5 4M 

KH) <H> 

KMI (HI 

1 1(H)4M) 

1 * 

KM) (H) 

• 

A OH 

M MO 

34)5 ' 

M 57 

1 t)2 

1 73 

1 08 : 

I 80 

0 00 

0 08 

0 40 

0 .MM 

1 -4:1 

1 25 I 

0 Ml 

I Ml 

10 25 

7 08 I 

lOsTO 

7-81 

7 IK 

0 in i 

7 08 

8-(H) 

1 1.7 

1-47 

1 2M ! 

1 28 

Ml 2 

44 5 

MI 2 

.M5 8 

1 H.7 

2-52 

214 

2-05 

1 4M 

0 50 

074 1 

0-77 

: 77 

KKI ; in 

KM) : M4 1 

100 : M7 

M 70 

4 70 

2-82 i 

2 70 

KMl : 74 

1(H) : .57 

1(H) : 54 

KH):4n 


I. was fom})Osed of forty parts Arriba, forty parts 
Machala and tAventy parts Baliia beans, and was manufac- 
tured by Wittekop and Company without the use of 
chemicals. 

II. was a sam])le of well-known cocoa, manufatdured in 
Holland, with the addition of potash. 

III. and IV. were German cocoas prepared, according to 
jStutzer’s oj)inion, by the application of ammonia. 

An interesting series of analyses of cocoa powders, made 
by Hughes,! at the request of the Planters’ Association of 

X UughcH, Anaiyscti of Samples of Cacao, ' 1890. 
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Ceylon, is given in Table XXXV. which, besides showing 
the p3rcentage chemical composition, indicates the 
mechanical condition of the cocoa, a matter of great 
importance both to the consumer and manufacturer. 


Tablk XXXV . — Analyses of Cocoa Powders, 


• 

Cad- 

bury’s. 

I’rj •». 

Van 

Uouten’s. 

llOWTl- 

tree’8. 

Tibbies’. 

Kpiw’s. 

I’nco |KT 111 . {!«»«)* 

lN. 4d. 

2/f. W. 

3ii. 9d, 

2.V. 9rf. 

2^. 9rf 

is. 2d. 

Water (Iokk at l(K)' ('.) . 

3 IH) 

4 39 

2-94 

3-82 

5-94 

4-58 

Fat {<*acai) butter) 
AlbuminoidH and then- 

I'fiOl 

39-7(t 

30-19 

32-50 

27-10 

26-40 

bromine . 

2215 

20-38 

21-64 

19-39 

17-53 

7-27 

Mneilage, gum, etc. 

Sugar, giucoHC, and 

9-70 

10 94 

19-93 

9-94 

11-86 

11-82 

dextrin . 

419 

1-36 

0-97 

1-76 

2 34 

18-53 

Sianh and digest ible 




fibre 

25-91 

23-76 

21-44 

21 83 
3-83 

27-10 

5 33 

28-45 

IndigcHtiblc fibre . 

4-31 

4 46 

4-26 

1-49 

AbH or mineral matter . 

r>m 

4-49 

8-62 

7-92 

6 50 

1-50 


l9(b(M) 

1(K) (M) 

l(K)-0() 

199-(H) 

190-90 

1(M)-(H) 

Melting |M)int of fat 

28 9 ('. 

29-4" C. 

28-9" (\ 

29-4^ (\ 

1 26-7 0. 

28-3 ' (\ 

(’ontaining nitrogen 

3-50 

322 

3-42 

3-95 

; 1-77 

1 55 

(Jontaining potaub 

1 -90 

1 -56 

4-49 

4-24 

2-08 

0 54 

Mechanical condition ■ 
Powder paBHod thnmgli 







Hicve (10,(KK) holes to 
the square inch) 

72-59 

Ha-78 

57-95 

62-51 

76-35 

42 74 

liesiduo left on sieve 

1 27-41 

18-22 

42-95 

37-49 

23-65 

57-26 


100-99 

lOO-tK) 

190-(K) 

l(K)-00 

1 lOO-(K) 

1(KI-(K) 


In considering these figures, the author points out that, 
in t’adbury’s and Fry’s cocoas, about two-thirds of the 
original fat of the ca(*ao had been removed, but that they 
were otherwise untreated. Van Houten’s and Rowntree’s 
cocoas were taken as samples of cocoa powders from which 
two-thirds of the original fat of the cacao had been removed, 
but which had been treated with potash salts. 

To both Tibblt^’ and Epps’s cocoa powders, other 
materials, such as starch and sugar, had been added, and,- 
consequently, in these powders, the chemical components of 
cacao were found in reduced proportions. 
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In the four samples, Cadbury’s, Fry’s, Van Houten’s and 
Rowntree’s, no foreign starch or sugar was present, the 
amount of reducing matter and starch, found, being due to 
that naturally existing in cacao. 

Analyses of various commercial cocoa powders arti 
published from time to time, and, in Table XXXVI. , will be 
found a few in which the alkalinity of the ash (the numbeii' 
. N . 

of CCS. of acid required to neutralise the (ysh from 2 grins. 


of sample) has been converted into figures to conform with 
that value, as usually expressed. 


Table XXXVL — Andlyses of Home well-known Bramis 
of Commercial Cocoa Vowdern. 


t'0U8tiiU0Ut(i. 

Fry’ti 

Cocoa 

Extract. 

V'un Houten’K 
Cocoa. 

llowntrec's 
Extract 
of (.'ocoa. 

lUookor’H 

Dutclt 

Cocoa. 

Ik'liH- 

dorp’M 

Pure 

Royal 

l>utch 

Cocoa. 

Cad- 

Iniry’i* 

CfK-oa 

KtMeiice. 



n. 

1. 

11. 

III. 


u. 

I. 

Ill 

11. 

11. 

! Mokturc 


4 33 


4 r»3 



4 0.J 

... 


4 :>9 

4-00 

! i TotuI 

4-24 

4-28 

8 04 

8-19 

7-96 

8-48 

7-70 

6-06 

6-10 

6-6U 

4 70 

Ash • Alkalinity 












1 aa K.O . 

1 


8-68 


181 

3 82 



1-24 



Fat . 

30 y.'i 

3116 

29-80 

29-78 

29-66 

27-56 

30-82 

oT 48 

27-07 

33-06 

27-68 

£ktra<jtivc soluble 












in water . 


r> 26 


9 88 

— 

— 

7-48 


— 

8-r.2 

6-48 

Thuobrouilne 

— 

1 .36 


0 69 

2-00 


1-08 

— 

1 90 

0-88 I 

0-70 

Btarcli 


16 07 


21 26 


— 



— 

U-38 

21-06 

Albumen 

, 

12-78 


17-03 



15-22 j 

- 



11-41 

13-68 

Fibre 

i 

__ 1 

4 38 

— 

-- 

4'42 { 


1 3 76 

“ ; 



' 


1 ' 






- 





I. K. E. KwrII, Bull. A'o. 13, U.S Dept, of Agriculture. 

II, Elorrufe Vaple, ('hem, Zrit.," 18U5, Kep. 21, 240. 

111. C. lllrard. Interna/. Cong. App. (Jhcm.t 1900, Beet. VIII. C. 185. 


In considering the tigiu’es for the alkalinity of the ash in 
the above table, it should be noticed that Girard’s values 
are made on the ash soluble in water only, whilst Ewell’s 
figures, being on the total ash, will include the calcium and 
magnesium carbonates, which would not be found among the 
soluble portion. 

Girard, whose work, already (juoted, was primarily 
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undertaken for the purpose of studying the ])reHence of 
oxalic acid and the estimation of the same, gives some tables 
showing the analyses of various cocoa powders of commerce 
and the com])osition ol their ash. His results are so parti- 
cularly valuable and enlightening that it has been thought 
desirable to include them here in full. 

Tabj.k XXXVll. — J/mi/yw.s of mmc Commercial Cocoa 
Powder.^. 



Vail 

lloii- 

leiiV 

Ue- 

Joit«‘« 

Ka- 

bri<jue 

a 

AiiiKter- 

lleil»<- 

(lurp 

.Hiull- 

ard 

ItUm- 

ker 

Coule. 

MeUK'l 

Mor- 

IMlil 

( 'lioeo- 
laterio 
Oil- 




dam 







vriere. 

AhIi 

,, lllHOlllbl)' 

,, ''uliiMo 
Alkulliiitv of Holwlilr 

' 7 ilft 

l.'i.')? 

H4 l.'t 

10 tir 

Hli .10 

0 !IM 

10 10 
HO HI 

0 70 
22 i8 
77 02 

0.10 

22 01 

77 00 , 

0 10 
2.'. 00 
74 10 

0 M) 

21 00 
78 04 

4 84 
.M 77 
44 2.1 

4 .10 
.■>H 2'» 

41 7j 

4 18 

60 28 
;io 72 

i(Mll ItH KjO 

Sucrottr 

K(<(lucinK iiiattrrH . 
Kuttv limficr 
McltlnK-iK)iut of flit . 
Jt’on rt'fmctor 

1 1 HI 

Trai eM 
! -Jitfifl 1 
j :ii n 

1 ! 

1 OH 

i 

'I’raees I 
:UI27 1 
110 8 

1 47 

A >1 
Tih< e« 
2:. 07 ^ 
.10 4 

1 27 
Ad 

'I'laees 

20 77 
:u 2 

I 4;t 1 
Ad 1 
Traeea ! 
:M 07 1 

:10 2 i 

1 24 
Ad 

'rra( es 
27 07 
:i0 8 

1 .18 
A// 

'l'ran‘,H. i 
20 18 
OO-l 

0 47 
Ad 

'I'raeeH 
2127 
.10 4 ^ 

0 40 
Vd 

Tiaeew 
:14 04 
;io 0 

0 40 
Ad. 
Trai’es 
.16 46 
,10 4 

^ of fat 

Stti>onifl(Utioii value 

J(l 

1 

- 17 

18 

10 

10 ' 

- 10 

-10 

*18 

-18 

18 .') 

of fat 

j IiMilue value <»f fat 

1 IlH'otiroiuiiK’ . 

ONulle acid . 

I0J7 

1 4 

1 J. <1(1 

1 tl 400 

loan i 
.111 4 

1 HH 1 
0 IMO' 

1 

102 .1 
;1H 0 

2 00 

0 OOO 

lo:t 0 
;io .1 

2 o:. 

0 .'»07 

102 8 
;174 

1 01 I 
0 :*oo, 

1 

102 0 
:u 0 

1 00 

0 ;>o4 

10.10 
:i7 0 1 

210 1 
0 6.10 j 

10 1 0 
.17 4 

2 24 

0 0.'> 1 

102 2 
:i0 7 

1 84 
Ov'):iO 

102 1 ' 
:io 0 

1 04 

0 .■)04 


Leaving for one moment the ash and its values, the 
significance of tla^ other figures is worthy of brief considera- 
tion at this {)oiiit. 

Sucrose. The abstaice ot sucrose in the j)Owders shows 
that no addition of sugar has been made and that the 
beans were well fermented {vide Chapter IX., Table XIV., 
^’i^crotsr). 

lieducinif Matters . — The j)resence of only traces of 
reducing matters shows that the beans have been well fer- 
mented, for cacao kernels have been shown to contain 1*5 
per cent, of glucose <yid other reducing matters, when merely 
dried, and up to 1*0 per cent., if slightly fermented. If the 
beans have been thoroughly fermented, there should be only 
traces of reducing matters. 
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Fatty Matter. — The lowest percentage of fat is seen in 
Menier cocoa, and the highest in ** Chocolaterie Ouvri^re.” 
The percentage of fat has been shown to de[)end ni)on the 
degree of expression to which tlie roasted nibs have been 
subjected. 

The me]ting-])oiiit, ludractonieter, saponification and 
iodine values of th(‘ fat fall within the limits of those 
obtained lor })ure cacao butter, and, ('onsequently, in tlie 
])owders analvsed, no addition of, or adulteration with, 
foreign fat has been made. Tin* interpietations of these 
values and the nudhods for their estimation will be discusstal 
fully in tlie third pari of this book. 

Theohronnne and O.vidic Acid. — Th(‘ percentages of both 
these constituents of (-acao are mainly of academic interest, 
thougli, if the beans had been too highly roasted, the 
quantity of theobromims to whicii is due th(‘ stimulating 
nature of cocoa jaeparations, would have be(*n lower than 
1*0 ])er cent, of the iiowder. 

In considering the ash jiercentage and values, it will be 
desirable to tabulate the chemical composition of the 
mineral matter or ash, obtained from the different cocoa 
liowders. Tlie mineral matter has been completely analysed 
by (lirard, and liis results will be found in Table XXXVllI. 

Ash . — In the lirst seven ])Owders, the sum of the ])otash 
and soda values eipials some 50 ])er cent, of the total ash, 
though, only in the first, does the quantity of soda amount 
to any appreciable (piantity. In this case, the fiowder must 
certainly have been treated with sodium hydroxide or (*ar- 
bonate, since the ash of normal, untreated powders contains 
some BO per cent, of potash (1x2^^)^ will be seen in the last 
three cocoas which have been prepared without the addition 
of alkali, and which do not themselves contain more than 
per cent, of soda. 

In the cocoas 2 to (> inclusive, it is safe to say that either 
potassium hydroxide or carbonate liad been used to render 
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them “ soluble ” and that their addition, as also of the soda 
in the first, had succeeded in fixing the phosphoric, car- 
bonic, and sulphuric acids, originally present, as insoluble 
compounds. That is to say, the alkali, added, attracts to 
itself thp acid portions of the powders forming soluble salts, 
with the result that, on analysis, those cocoas treated with 
alkali are found to contain soluble ash with groatiest pre- 
portions of jiotassium, sodium, or magyesinm salts of 
phosphoric, carbonic and suljihuric acids, according to the 
alkali used. 

In the last three cocoa jiowders, the comparatively low 
percentages of potash, soda, and phosphoric and carbonic- 
acids in the soluble ash tend to show not only that the 
cocoas were prepared without- the addition of alkali, but 
also that the remainder of these components, not to be 
found in the soluble ash, are combined in some ])robably 
complex form which will not split up without the j>resence 
of excess of alkali, but which will, consequently, figure in the 
ash insoluble in water. 

Not without interest are some results, recorded in the 
Tjdiic^t of January, 1905, to which we have oc(*asion t-o refer 
again in a later chapter. The authors of this research 
endeavoured to ascertain the effect of nlkalised cocoa j)owder 
upon the digestion, or rather to obtain the digestibility and 
nutrition values of different cocoa powders. They showed 
that the cocoas, if treated, were in no sense “ alkaline,” 
though possibly ” alkalised.” The statement appears in 
this article that, “ of the eleven cocoas purchased in the 
open market we have not found a single one to contain any- 
thing in the nature of an alkali. They were either acid in 
reaction or perfectly neutral as regards alkali. By, alkali 
we mean either the carbonates or hydrates (caustic)' of the 
so-called alkaline metals (potassium or sodium). More- 
over, in no instance was the slightest trace of soap found, 
formed by the action of the alkaU on the cocoa fat.” It has 
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always been the contention of the author that properly 
alkalised cocoa powders should not be alkaline in reaction, 
yel, in the face of the table published by the writers in the 
Lmicet^ their subse(pient statement seems unwarranted and 
uncalled for “ (’erlainly as regards the well-known manu- 

. Table XXXIX. — J.s 7 t and Alkalimiif of Home Cocoa 

Powders. 


( (M on. 


1 . S(»liihl(', 1 1 

2 . Jiarrv H EsMCnce. I 

.‘I \'aii Hnutoii H Sdhihlt* (Va’oa. 1 

4. K|i|is‘s ( 'ocoa KsHtMlCC, 1. . 

5, Ki'v'h ('(inci'nlratejl ('ocoa, I 
(». Cadhurv N (’(n oa LsMcncc, I. 

7. May.awatt<'(‘ ( 'ocua, II 

H. S< hw(‘itz(M's Ccx'iiatina. II. 

II. SiK'hanl M Soluble Coeoa, II. 

10. KowntnH' H Kleel Cocoa, li. 

1 1. IiOo.se Coeoa, II 


'otui iiiiiicnil 

Alkullnilyof ! 

Alkali 

iimttiT 

ash rci'koned ' 

in 

(iis||) 

UH ]>otuHh. 

cocoa. 

7 Id 

2:i5 1 

None 

4 (id 

1 (18 


8 Hd 

:{ 14 


:i INI 

d 7.") 


o 5(1 

1-97 


4(HI 

d (m 


5 5d 

2 (Ml 


5 7d ; 

2 (12 


(i4d : 

11 -55 ; 


74d 

:M4 i 


7-7d j 

2 91) ' 



1 Slightly alkalnH' |)otasMnjin salts, but ne\itrnl as rt'gardK frei‘ alkali. 

2 Slightly aeul ei'actKau 

M. Slightly alkaline i-eai tioii due U(»t to alkali, but ti> or^anir salts of )>otassiuin, 
aiul pboHj)bateH : otherwise |H'f'feetl\ neutral. 

4. Ai’id reart ion 
Aeid naietion. 

0. Aeid react loll. 

7. Neutral reaction 
K. Neutral naietion. 

9. Neutral reaction. 

10. Neutral, rich in organic salts of potaasium, including pbo.sphateB. 

11. Neutral. ri<b m organic salts of ])ota.ssiuni. including plio.sphates. 


facturers of cocoa which is sold in this country, whether 
KnglWi or Dutch, there is here no evidence whatever of the 
use of alkalis in Uie preparation of cocoa. There is abun- 
dant evidence, on the other hand, showing that the natural 
organic salts of the cocoa liave been materially increased as 
regards both some of the English and Dutch manufactured 
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cocoas.” The Uvo arguments, unfortunatelv, are in con- 
fhct, especially if the usual methods adopted in the propara- 

w” “ soluble ” cocoa powders are known. 

We will however, leave it at that, and give the above 
fable and comments which appear among niaiiv others in the 
Lancet of January, 1905. 

The natural organic salts, mentioned, consist of tartrates; 
malates and citrates of potassium, which idl give slightly 
alkaline reaction and yield potassium carbonate, on incinera- 
tion. Alkaline jiotassium phosphate was also found in 
several of the cocoas examined. “ Of such cocoas (Class II. 
in the table shown) it would be just as true to say that they 
contain alkali as it- would be of wood because on burning 
It yields potash or potassium carbonate in the ash ”~a truly 
unscientific assumjition. 

In France, in 1910, a decree forbade the application 
of the word “ pure ” to any cocoa powders other than 
those obtained by jnilverising and partially defatting cacao 
mass. The word ” jmre ” could, however, be apiilied to 
cocoa powders rendered “ soluble ” without addition of 
chemical substances, though the decree did not look upon as 
adulteration the use of alkalis or alkaline carbonates to cocoa, 
destined for jireparat ion of cocoa powder, provided that the 
quantity added did not exceed 5-75 grins., or an equivalent 
quantity of another alkaline carbonate, per 100 grms. of 
cocoa, calculated as free from moisture and fat. The cocoa 
powder, under such circumstances, had to show a slightly 
alkaline reaction. Later, the official method * of analysis 
of chocolate and cocoa imduded a statement to the effect 
that the percentage of alkalinity, expressed as potassium 
carbonate on the dry fat-free cocoa, must not exceed 2-75 per 
cent, in those products which had not received any addition 
of alkali, and that “ soluble ” cocoas, prepared according 
to article 18 of the decree, already quoted, must not 

• Ann. des FaUif.^ August, 191 418, 


w.o. 


13 
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exceed 5*75 + 2*75 = 8*50 ])er cent, of ])oLassium car- 

bonate. 

At tile (‘11(1 of 1915, aft(.^r tlie examination of thn^e ('ocoa 
powch^rs, ])urcliased in a larg(‘ store in Paris, the “ Labora- 
toire Central du Minist(?re d’AgricuIture ” announced tliat 
tli(‘ steiianent on 1h(‘ label, “ Cncao en ])ou(lre garanti jiur,” 
could not b(^ a])i)li(‘d to tlu‘S(‘ coeoa-s, since they showed the 
following analyses, lat(^r confirmed by indepcuident 
analysts : — 

i ^ I I 

I I A. IJ (- 

I MoihIujt per cont . . . . i ;um IMM) Ti 10 

KrI per ( ('nt .... I ;{270 .‘U 20 :U ‘M) 

i 4 58 r» ’M) T) 20 

Alkulitiit \ (if Hsli, as K.yO„ pcrc(‘ijl. of i 
^ (li'V (h'fattecl cocdti. ‘ '. . ; 50 5 10 3 10 

It was (*l(‘ar that, had th(‘ (H)coa h(H‘ii “ alkalisisl ” fo]’ 

any particular ])urpos(^ of heiu'lit to th(‘ manufactur(‘]'. th(‘ 
amount ol alkali in tla^ ash would have been higher than 
in normal cocoa, calculat(‘d on the same basis, a ])()int 
overlooked by tla^ writ(‘r in tla^ Lancci. ]t was from 
this stand])oint that Arpin carried out his research, 
and that P()C(pi(*s. at the same time, devisinl his method 
f<w (estimation of alkalinity. Arpin found the following 
iTsults from law' Ixean^, alter the husk and germs had 
biHiii remo^■ed : - 


1 

1 

i 'I rinkfnd 

1 

Mada- 

Kascar 

('aru- 

pnno. 

lliurru. 

t'huuo. 

Puerto 

Cabello. 

1 Mdinture |>er cent. . 

1 0 :t<{ 

(>37 

7 23 

7-21 

7-27 

7-91 

i Fat iH'r cent. 

47 

4840 

42 70 

43-80 

43 80 

40-90 

! Ash iM’i*eent. 

1 Alkalinity of a«h. as K / '( 

2 05 

3 10 

2 90 

290 

3-03 

3 10 

IH'r cent, of dry nnff 
, defatt4’d eiM'oa 

ri 

:mo 

3 .53 

! 292 

3 10 

3-.59 

1 2-90 


* Arpin, Januar ^5 February, 1917, xeix., c. 10. 
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It was thus establislied that raw uihroated cacao had an 
ash showing an alkalinity in excess of that allowed by the 
French decree of 1910. 

In the same research. Arjan gives tlie following table, 
in wdiich the ])reseii1 author has also included tlie lignres 
for germ : — 


Jiiiu hiixk ut 





• 


1 ItoUKtCli 
Trinlciad 

Accra 

Kahiu 

lani- 

puiio 

CliiUio 

Mada- 
(laHi ar 

1 Kt'riii 

Moist uro ])or ct'iit. . . 12 28 

i:e24 

11 02 

8 (Ml 

1 1 1)3 

4 40 

Ash per ( (‘nt . (5 

dtitl 

7 43 

1 1 m 

r> /)2 

0-25 

Alkalinity of raw shclih . o 24 

4 23 

4 dll 

4 .*>» 

4 1)7 


Alkalinity of dried s1h“11.s o 117 

4 87 

1 o 18 

4 1)11 

5 d4 


Alkalinity of roasti'd {/orin 

Fat j)or cent 


. 


4.13 

4 44 


Aft(‘r furtlier (‘xamination, in which tie* good failli of the 
manufacturers of tlu^ cocoa. ])owdei*s was (‘stablislaal, the 
following points w(‘n‘ formulattHl by Arjan : — 

(1) That cacao liusks show a variable moist ure-conteni 
and that tlie driest aie thos(^ which might be suspected of 
having been treated w ith an alkaline solution. 

(2) Thai the a.sh-coiit(‘nt varies from 5-52 ))er cent, to 
11*60 p(a’ cent, (in llu^ speciiiKajs of husk examiiK^d) without 
the alkalinity ijicreasing pro})ortionally. The ash is com- 
posed of inert bodies, sand, earth, et(*., which increase the 
mineral-content ; that those varieties examined, which gave 
7*43 })er cent, and 11*10 }»er c(*nt. of ash, resi)ectively, had 
been “ earthed ” or “ clayed.” 

(3) That the alkalinity of the husks of cacao is the same 
within limits of 1 per cent. 

(4) That the husks of Accra beans are most alkaline (5*97 
per cent, calculated on the dry husk), whilst the cacao itself 
does not reach the figure 2*75 per cent. 

(5) That the husks of Bahia cacao (termed non-alkaline) 
are almost identical in alkalinity (4-87 per cent.) to that of 



196 


COCOA AND CHOCOLATE 


the husks of Carupano (5*18 per cent.) and Chuao (4*99 per 
cent.) which are called alkaline cacaos. 

(6) Finally, that the husks of Madagascar cacao, though 
termed an alkaline cacao, are less high in alkalinity than 
those of Accra which is a non-alkaline cacao. 

Generally sjjeakirig, these ligures show that husks of 
cacao, showing greater alkalinity than 2*75 })er cent., have 
not nec(issai‘ily^ been treated wilh an alkaline solution or 
with a solution capable of giving an alkali on incineration. 

The ])resent author fears that a fundamental error 
ap])ears in all these figures, owing to the fact that Arpin has 
taken for granted that Chuao and Madagas(*ar cacaos had 
been tr<^ated with alkaline solutions and that the Accra, 
Bahia arid C7iruj)ano bcuins had not. In any case, the con- 
clusion, reached, that the small (luantitv of husk finding its 
way into the cocoa })owdor, accidentally or through carek^ss- 
ness on the i)art of the manufacturer, is without a})])reciable 
eiTt‘ct upon the alkalinity of the finished product, seems 
justified. 

Dietetic, Proprietary, and other Cocoa and Chocolate 
Powders. 

Cocoa powders should contain the roasted, partially 
defatted kernels of cacao beans only. The chemical com- 
j)osition of such cocoa powders will depend upon the amount 
of ex})ression to which the nibs have been subjected. If 30 
per cent, of fat has been expressed, which is usually the 
highest limit in practice, tlie resulting cocoa powder will 
show 25 — 35 per cent, fat, 4 — 5 per cent^ ash, 3 — 5 per cent, 
fibio, 12—17 per cent, nitrogenous matter as albuminoids,' 
11 — 20 per cent, starch, and 4 — 5 per cent, moisture. 

“ Soluble ” cocjfja powders, treated with alkali, should 
consist of the roasted, partially defatted kernels of cacao 
beans, with the addition of sodium or potassium hydroxide 
or carbonate, or magnesium carbonate, and, if the nibs have 
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30 per cent of fat removed, the powders will show, on analysis, 
from 25 82 per cent, fat, 6 — 8-5 per cent, ash, 8 — 4-5 per cent, 

fibre, 11 — 17 per cent, nitrogenous matter, 11— 1‘>-5 per cent. 
Ftarch, and 4—5 per cent, moisture. If the cocoa powders 
have been rendered soluble ” by treatment witii ammonia 
or ammoninin carbonate, or by steam, their analyses will be 
similar in the main to those of untreated cocoas. 

Any additions of foreign matter, other than alkali, must 
be looked upon as adulteration, and, even if alkali lias been 
used, the addition should be clearly expressed on the wrapjx^r 
or packet containing the powder. 

Cocoa powder is such an excellent medium for conveying 
materials possessing special mtalicinal or food values, being 
a strongly flavoured and palatable article of food, that it is 
frequently used as the base for preparations sold for dietetic 
purposes. 

If, as has been previously shown, additions of foreign 
matters, such as starch and sugar, which are cheajier and 
wliich, consequently, might be used for jmrposes of adultera- 
tion, are made, it is most) necessary that the consumer should 
realise that he is buying cocoa powder with sucli additions, 
however imiocuous, or even advantageous, to the food value 
of the preparation their presence may be. 

• The addition of starch to a cocoa powder serves the 
double purpose of increasing the carbohydrate content of 
the preparation and of rendering the powder more digestible 
for those who are unable to assimilate the more fatty cocoas. 
There are, on the market, many of these nourishing cocoa 
powders which contain selected arrowTOot and other starches, 
with or without the addition of sugar, and which are certainly 
improved, from the food point of view, by such addition. 

Epps’s cocoa contains 40 per cent, cocoa, 16 per cent. 
West Indian arrowroot, and 44 per cent, sugar, from evi- 
dence given in the case of Gibson v. Leaper, though Ewell * 

• E. E. Ewell, BvU. Fo. 13, U.S. Dept, of AgricvltMrt. 
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the following analysis : JM/) }>er eeiit. ash (alkalinity 
as KaO “ 0*0), 25*14 |ht mil. fat, 1*51 per cent, fibre, 26*0 
per cent , su^^ar, and much arroAvroot starch. 

Tiaha' this lieadinj^ nuisi certainly be included chocolate 
])u\\’ders whicdi, (consist, in^ of powdered chocolate, or cocoa 
and su^mr and starch, give similar analyses to that, of Epps’s 
cocoa. Tl lere is, how(^ver, this difference, that the latter, 
being a. staiidar’il proprietary article, is mixed with great 
can^ and from candnlly selected ingredients, whilst some of 
th(‘ cho(‘olate powd(‘rs that hav(^ come under the author’s 
notic(‘ bavt^ not shown much careful selection of ingredients 
and hav(‘, more frequently than not, been freely mixed 
will cocoa shell powdei*. Chocolat(‘ ]>owders are, as a 
rule, very chea]), but there is no reason why they 
should b(‘ nasty, and, if good clean starch has been 
added to ])Owder(‘d (diocolate, the lesulting pre])aration 
should b(‘ as good and wliolesome as th(‘ best. ])ropri(‘tar,y 
article. 

The chocolate powder prepared by the Chocolat Menier 
Company showed the following analysis, according to Ewell : 
1*40 ])er cent, ash (alkalinity as KgO — 0*47), 21*81 i)er cent, 
fat, 1*10 ])ei’ cent, fibnq 5S })er cent, sugar, and no added 
starch. 

tl. Bell, in his “ Analysis and Adulteration of Foods,” 
also gives an analysis of a prepared cocoa thus : 4*95 per 
cent, moisture, 24*94 per cent, fat, 28*03 per cent, sugar, 
19*19 per cent, starch, 2*24 per cent, nitrogen ; the starch 
and sugar were both added. 

Clayton * has made analyses of different samjdes of 
cocoa essence, which consisted of partially defatted and 
otherwise treated cacao; a very complete investigation 
into the compou^^ait parts of the ash, obtained from them, 
was made. 

Recommendations have been made, from time to time, to 

■ E. Cl, Claj*ton, Chtm. New/i, lfl02, Ixxxvi., 31. 
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treat the cocoa powder with boiling sugar, and many ])a tents 
have been taken out to this end. 

Greiser, in an English ])atent., ItlOi), sug^r(»sted that mois- 
ture and volatile bodies, that affect the davour, slioiild be 
removed in a uniform manner by heating the finely-ground 
cocoa (with or witliout the addition of sugar) in viuko at, 
say, 70° to 00° C. Or, the mass juight, first be boiknl in varno. 
then melted with a suitabU^ l)ro])ortion of sugar and again 
boiled ill varno. 

Langcui, in a French patent, 1000, proj)ost‘d to treat, 
tlu^ partially defatted (H)coa, with a boiling solution of 
sugar in a vt^ssel littcnl with a suitabh^ stirrer. Tli<‘ 
mixture was stirred until cold, and tla^ mass of chocolate, 
thus obtained. ])owd(‘red and pressed into moulds or 
mixed with milk iiowder. By this treatment, Ik* claimed 
to obtain a readily soluble cocoa or chocolates for us(‘ as a 
beverage*. 

Many inoie such instances could be citisd, though they 
are only worthy of consideration as showing the extent, to 
which the subjeset of reiuhsring cocoa “ soluble ’’ has been 
studied. It must be admit t(*d that tins Jiiajority of the 
patents taken out are not only of little value for making the 
cocoa “ soluble,” but the j)rocesses em))loyed usmdly sj)()il 
the aroma of the cocoa and are quite im])racticable to work 
outside the laboratory or exj)eririienlal room. 

Foreign matters with medicinal and other sp(*cial virtues 
are frequently added to ('ocoa powders, amongst others 
being acorn and barley meal, malt, milk jjowder, dried 
egg-albumen, saccharin instead of sugar for ])ersons suffer- 
ing from diabetes, kola seeds, ])eptone and other such 
materials. 

In a U.8. patent, 1910, Collett and Eckardt have recom- 
mended the addition to cocoa and chocolate of one or more 
ferments, capable of producing hictic acid frohi carbohydrates 
without evolution of gas. 
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There can, however, be only a very limited sale for all 
these kinds of preparations, and, as this work deals essen- 
tially with cocoa and chocolate and not with all the possible 
combinations that might be made with other materials, 
further consideration of them has not been considered 
iKH^esHary. 



CHAPTEE XV 


PREPARATION OF CHOCOLATE— MIXING— REFINING 


Unsweetened chocolate should be pre})ared exclusively 
from the roasted kernels of the cacao bean, with or without 
the addition of a small (Quantity of flavouring matter. The 
chocolate should contain at least 45 per cent, of cacao but! er, 
the natural fat of the cacao bean. 

Unsweetened chocolate, which is seldom met with in 
confectioners’ sho})s, but which is usually sold to manufac- 
turers of sweet chocolate who do not ])ossess their own 
roasting, nibbing and milling plant, is prepared from the 
cacao mass running from the grinding mill, previously 
described in Chapter XITI. In fact, the milled, roasted 
cacao nibs constitute in themselves })ure unsweetened 
chocolate, -and, consequently, on analysis, the latter will 
show figures similar to those of the nibs from which it has 
been made. 

The cacao mass flowing from the mill is in liquid form 
and, according to the degree of grinding to which it has been 
subjected, will be found to be in a more or less finely divided 
state. In order to obtain a smooth homogeneous paste, it 
is necessary to pass the cacao mass through a series of granite 
or steel rollers which, running at a high speed, reduce the 
chocolate to the finest possible form. 

The rollers or refiners will be described fully later in the 
chapter, when the refining of sweetened chocolate is dealt 
with. 

The reduction of cacao nibs to paste may, of course, be 
brought about in other ways than by passing them through 
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rolleri^. A “ luelaii^eur ” may be us(h1, or the cacao liquor 
Disc luacliiiic which is so |) 0 ])iihir in America. There are, 
how(‘ver, good and suflicient reasons why cacao should not 
be ground in coni act with iron or steel, as, even after roast- 
ing, the cacao nibs contain an apj^adable quaiitity of mois- 
ture which, with the tannin in the cacao, is apt to impart a 
m(‘tallic flavour to the chocolate oi* cocoa. After the addi- 
tion of sugar and cacao butt(‘r to the nibs, however, the per- 
('(‘nlag(* of moist ur(‘ in tin* mass is consid<'rab]y reduced, and 
Ihis fact, in addition to a. furtluT loss of moisture during 
mixing, malo^s tlu^ effect of iron upon tJie chocolate mass 
n<*gligibl(‘. d’liis point is considered later, in the chapter 
dealing with short-cuts to chocolate* manufacture. 

S\\ee1ent‘d chocolah* should contain the kernels of 
roast (‘d and shelled ('acao Ixaui, with tlu^ addition of not 
more than bt) jaa* (*ent. of sugar, with or without a small 
<puvntity of flavouring matter. 

Th(^ base of sweetened chocolate will, therefon*, be ])ure 
unsw<H'tental chocolate or th(‘ cacao mass running from the 
milN. To this bas(‘ is added a sufficienev of sugar and 
llavouiing mattta’. in such a A\ay that a smooth homogeneous 
product shall result. 

Method of Mixing. 

Tlu‘ mixing of tht^ sugar and Ifavoui'iiig matters witli the 
cacao mass is ('onducted in a larg(‘ revolving pan in which 
run a pair of granite rollers ('* melangeur ”). The pan, 
revolving horizontally, carries the chocolate mass under the 
rollers which, being <‘aj)able of adjustment up and down, are 
themselves caused to revolve by the friction of the paste 
passing under them. Oik^ or both of the granite rollers may 
be also ])Ower-driven. 

It is advisable to givt* the cacao mass some thirty to 
forty-five minutes* working in the mixer or “ melangeur*’ 
previous to introducing the sugar, as, in this way, a certain 
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liomogeiieil^" is obtained in tlie bas(‘, and the Avork oi‘ the 
refining machines is soine^vhat facilitated. 

The sugar should be ground in a disint(^gral or or sugar 
mill mid pass(Hl through a lawn nu*-!!!. It is usual to 
dry the sugar before being mixed in with the cacao mass, 
but the import ance of this ]>oint is discaissed els<‘wher(‘. 

Much time will be saved if the “ nu‘lang(‘ur ” is heated 
up to a temperaturt' 5^^ or abov(‘ the nu‘lting-])oint of tlu' 
ca(*ao butter, say, to and. in order to bring about 

immediate blending of the sugar and cacao mass. l)oth 
ingredi(aits should be luaited to about (\ btd'on* bcang 
])laced in the “ inelangeur.” 

The ('hi(d‘ uses of the “ ni(‘lang(‘ur,” which has beiui 
briell}^ described, are to obtain the coniph^t(‘ blending of th<} 
ingredients, to reduce tlu‘ mass to a fiiHa' state of division, 
and to lighten the ])aste. Th<‘ lust object is brought about 
by the revolving pan, travelling at a fairly high sp(‘ed, (airry- 
ing th(‘ mass und(*r and round the ]‘ollers. assisted by 
two scrapers that tinii the ])ast(‘ in tla^ recpiired dinadion. 
Th(^ constant friction of the pan, vhi(*h travels at a higher 
speed thai] th(‘ rollers, rubbing on the cacao mass at th(? 
two obsti’uctions, raises tlie teiiiperat ur(^ of thO whoh^ and 
gradually reduces the particles to a finer state of division. 

After the paste has been passed through iho refining 
rollers, tht‘ mass is dry and lifeless, and it is necessary to 
place it again in the “ melangeur,” to recover some of its life 
and limpidity. This is brought about by the (‘onstant fric- 
tion of the chocolate mass on the rollers and by the re-melt- 
ing and re-distribution of the cacao butter which has dried 
up in the process of refining. 

As will be seen later, better results are obtained by 
alteniate refining on granite and steel rollers, with an inter- 
mediate or subsecpient treatment in the “ inelangeur.” 
Since, however, the tendency has been to reduce the number 
of refinings and to increase the intensity of levigation, 
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granite rollers have been largely replaced by the steel 
refiners which, un4oubtedly, are very effective in reducing 
cacao and sugar particles to an extremely fine state of divi- 
sion in the shortest possible time. Having of time has been 
further responsible for the introduction of the “ Bausman 
Disc ” machine which, with proper handling, is capable of 
giving good results with chocolate. For those who con- 
sider quantity and speed of output before the quality of 
their product, the complete equipment of a chocolate 
factory is composed of mixing kettles and “ Bausman Disc ” 
machines. There are many such factories in existence, 
es])ecial]y in America, though the author can say, without 
])rejudice, that the results are not those of which to be 
particularly i)roud. 


The “ Melangeur.” 

The “ melangeur,” illustrated, is admirably suited for 
tliis work. Each roller is fitted with a raising device, wliicli 
enables an easier starting of the machine after stoppage, 
does not allow thumping of the rollers on the granite bottom 
of the pan and causes an easier and more rapid grip on the 
larger pieces of sugar and cacao, if the latter is put into the 
pan in lumps. 

The “ melangeur is capable of being heated by a steam 
coil, placed immediately beneath the pan, so that the tem- 
perature can be quickly raised to the required point before 
the cliarge is introduced. Such a machine occupies a floor 
t space of 7| feet by 6 feet and is feet high. Iron dust- 
proof covers can be provided with these “ melangeurs ” at 
a little additional cost and will often prove advantageous, 
when the chocolate paste is run continuously in the machine 
for any length of timg. 

“ Melangeurs can be bought with one or two roUei's, 
simple or conical shaped according to requirements, and the 
capacity of the machine can be made to hold a charge of 




Fro* U.—No. 7 Lroge^Pifttrated “ Melangeur/' with Aatomatie Dbchaiger coapled with Three-ioll Upright Refiner. (See p. aiH*) 

£» permute of ir««w«. Joofpk Bmter, Smw, mnd PrH^f, Ltd, 
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anythirif? from i cwt. to 10 (nrts. In the machine, illus- 
trated (Fig. 11), the “ melangeur ” is shown fitted with an 
automatic discharger, coupled to a three-roll upright 
reliiior. 

The dry sugar, flavouring niatters and cacao paste 
having been well mixtal in the “ melangeur,” the crude 
choc()lat(( will b(( in a semi-li(piid form, somew'hat resiun- 
bling a. very s(.fl. dough. The mass will be slightly gritty 
to th(^ teeth, due to the ))articles of sugar and the coarser 
grains of the milhsl cacao, and must, undergo at least one 
reiining process befori! anything in the nature of a linished 
chocolat.*! is obtained. 

It the idea of the ma,nufacturer is merely to mix his 
ingi-edieiits logeth(>r, there is no reason Avliy a steam- 
jackettsl mixer or kneadm- should not rejdac^e the “ melan- 
geur ” wliicli, as lias been |)oint(‘d out., has also a relitiing 
t'tfiict and is particularly adajited for reducing a dried paste 
to a. semi-liipiid condition. In America, the steam kettle 
is commonly used for this ])uri>ose. and can be looked ujion 
jmrely as a mixer. A clever retinement of this principle is 
shown in a machine made by Messrs. Jose])h Baker. Sons, 
and I’erkins, Bid. — a watiu'-jacketed “ melangeur ” which 
is recommended (‘specially for nudting down and for amal- 
gamating added c.acao butter or substitutes wa’th the choco- 
late paste. The “ melangeur ” graniti* rumu^rs revolve on 
a stone bed, and grinding and mixing are thus accomplished 
whilst the tempering is going on. This machine, xvith a 
, ca))aci1.y of 1,500 lbs., occupies about 5 feet 9 inches by 
5 feet floor space, is 4 feet 10 inches high, and is well suited 
for restoring limiudity to a cliocolate paste after relining, 
or for iweparing the original mixing, to bring it to a condition 
tit tor reliiiiiifT. 

^ The Refiner. 

consists of a series of connected rollers 
revolve at different rates of speed, allowing the 
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chocolate mass to pass hefAveeii tlitaii to be grouiul both by 
crushing and by tearing. 

An extremely hard form of granite, diorite, has beiai found 
to be the most serviceable material with wiiieh to construct 
the rollers, and the (piarries, from which tlu^ gi‘anite of the 
granite refin(‘rs was obtaiiu'd, wcuu*, in 1914, in the bands of 
the principal makers of chocolate niachinerv, such as ^Messrs. 
Lehmann. Since the war. s(‘v<a-al other hard granite's havi^ 
been tiied w'ith comi)lete success, and the; maniifacl uri'rs of 



Fkj. 12. “ Hattory of two (lraiMt«' oi claiii 'Phna'-rol! HctitxTfi (Sir j) 210 ) 

Hy permtt^'Sion t^f Mrs’^rx Hrnmujl «t‘ <'o , Lonitnn 

chocolate machinery in tliis country are indt^jo'ndtajf of the 
German stones. PorctLiin rolls have also provt'd thoroughly 
satisfactory. 

Many modern refiners have cylinders of ]>olished chilled 
steel, which not only reduce tlit^ chocolabi to a finer state of 
division in a given time than can be obtained with a granite 
set, but they have the additional advantage of In'ing able to’ 
be w’ater-cooled — a necessity which arises on the cylinders 
becoming heated from over-frict.iop or continual rumn'ng. 

The rollers in tlie older-fasliioned granite refiners wer<^ 
])laced in a horizontal position, whilst the modi^rn steel or 
granite roller machines are upriglit, of w'hi(*Ii the former has 
a parallel water-cooling system attached. 
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13.— Patent Five-roll Upright Refiner, with ChUled Rolle and 
spring Bearings. (See p. 208.) 

Bu pmnUtixm of Me»nn, Joseph Bnktr, Son*, and PerHnt, Ud. 


l^pright steel roller refiners are now made by all makers 
of chocolate machinery, one of the illustrations showing a 
%^clune made by Messrs. Joseph Baker, Sons, and Perkins 
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FriJ. 14.- -Five-roll Steel Refiner, with (Ihilied Metal Rullern, all \VuU*r-«-oole<l. (Sw p. 209.) 

Hy pfrmhxivn of AJ €>>!>■ n-. lirantxik tt' Co , LtmUon * 


Ltd., the oilier by Messrs, Lehmann, of Dresdtm (Fi 13 
and 14). 

Tiie Baker maehine ha« been speeialJy designed to bring 

w.c. 


210 


LVCUA AND CUUUULATN 


about a higlior speed, larger output and finer grinding than 
could be obtained (^n the ordinary granite rollers. 

The rollers are of chilled steel, carried on lever arms, 
with spring-bearings and hand-lever adjustment. These 
advaniages enable a much closer adjustment of the rollers 
to be made, and, being of chilled meial, they are much 
harder, will take a finer polish and remain truer in use than 
if made of granite. The spring bearings and the fact that 
tlu^ cylinders or rollers are water-cooled make it possible to 
run the machine at high speeds, ensuring a large output and 
great efficdency. 

The five-roll upright refiner with chilled steel rollers and 
appliances, as described, occupies a space feet wide by 
7| feet long by Of feet high. 

If necessary, a battery of refiners can be formed, the 
chocolate ))aste from the last roller of the first set being 
transferred by means of a scraper io the hopper of the next. 
The advantage of this system is that, where a chocolate 
needs and can stand a second or third consecutive refining, 
lime is saved by automatically feeding the once-refined 
cho(‘olate through a second or third set of refiners, without 
having to wait to transfer it to pass through the same 
refiner a sec^ond or third time. 

The chocolate mass is taken from the melangeur 
straight to the hopper of the refiner in which the first roller 
is revolving slowly, carrying on its surface sufficient choco- 
late to transfer it to the next, which travels at a higher 
speed. The upper sets of rollers revolve still faster and, 
being set close, grind the chocolate to a fine state, A 
scraper removes the chocolate from the last roller, either 
into pans placed beneath or into the hopper of the next set. 

All chocolate, i^r whatever purpose it may be intended, 
should be passed through the refiners once or twice, the 
best quality of eating-chocolate being refined as many as 
six or eight times, between various periods of rest, given to it 
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in the hot cupboard or hot room, and further treatmentB in 
the “ melangeur.” , 

It must be understood that, if tlie grinding in the cacao 
mill has been satisfactory, the cacao particles will be very 
small. In any ^ase they are soft, and, if no husk or germ 
has been allowed to enter the cacao mass, the particles will 
be readily crushed by a short treatment on a retiner. The 
sugar particles, on the other hand, though also very small, 
if the crystals have been cruslied in a disintegrator or other 
suitable mill and the powder subsecpiently wind-sifted, are 
hard and api)(‘ar gritty between tla^ teeth. A very small 
quantity of sugar, insufficiently ground, will give this effect, 
and it is not uncommon for a certain anioimt of the choco- 
late mass to pass through, untouched, on the outer edges of 
the refining rollers, if the latter are not absolutely true. This 
fact is another cogent reason for obtaining machinery from 
the best engineers manufacturing cocoa and chocolate plant, 
since the finishing of refining rolk^rs is an art, in which only 
those wlio appreciate the im})ortance of [)erfectly true rollers 
indulge. 

The author, from his earliest connection witli chocolate, 
has always been amazed at the number of refinings (o which 
it seemed necessary to submit chocolafe. There is little 
doubt that, by very careful adjustment of the refining 
rollers and the use of sugar reduced to an impalpable powder 
before mixing with the cacao mass, very fine chocolate can 
be made with only one refining. There is, however, this 
objection, that chocolate, so refined, must be restored, after 
l*efining, with a large amount of cacao butter, in order to 
bring it to a state sufficiently limpid for moulding. It 
was for this rea.son that the author investigated thq whole 
question and, starting on the assumption that it was sugar 
that required the close refining, ascertained the size of 
particles that could be felt as grit between the teeth. The 
investigation led to a number of interesting observations 
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and, finally, to flie able research work of Bradley,* who, in 
conjunction with lVl,(^ssrs. ]\^ek, Frean and Company, Ltd., 
llowntree and Coin})any, Ltd., and Joseph Baker and Sons, 
Ltd., elaboraLnl a system for the preparation of sugar 
which could bcj as easily crushed as the cacrfo particles. Tlie 
syst,(‘m of manufact ure of so-called “ amorphous ” sugar is 
d(^scrib(*d later and o])ens u]) the only possibility of employ- 
ing a short -cut t o chocolate manufacture, known to the 
author, wit hout, deterioration of the product. 

The chocolate mass, after the first mixing, whichever 
sugar has biuai used, is in a soft, doughy state, but, after 
b(mig ])assed through the refiner once, it is reduced to a dry, 
light, ])owd(U’, similar in appearance to cocoa i)owder, only 
more flaky. 

This is ])artly tlu' result of cooling down on the rollers, 
which should never b(^ run whilst hot, and partly from the 
crushing of the sugar ])art,icles, which tends to dry the 
chocolate by exposing a greater superficial area to be 
covertnl by the fat. 

In this dry, ]K)wdery state, the chocolate is not in a fit 
condition to undergo further immediate refining, but it 
should be ])laced in a pan in the hot cupboard, to recover, and 
then run for a short time in the “ melangeur,*’ before being 
again ])assed through the refiner. The hot cupboard is 
es})ecially useful in factories with a continuous call upon 
their kettles or “ melangeurs,” 

By constant consecutive refining, there is a tendency to 
“ fatigue ” the chocolate, that is to say, to reduce it to a 
powdery state from which it will not recover without addi- 
tion of more cacao butter. This may often be the case after 
the lirs.t refining, if too large a quantity of sugar has been 
used or if tJie cacac^nibs are not of a very fatty nature, but 
it may be avoided in later refinings by giving the cacao 
mass a rest in the hot cupboard, when the butter will tend 

♦ Brit. Pat, Spec., 132,200, 1919. 
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to come to the surface and will be found once again to per- 
meate the whole mass, which can readily reduced to 



Fio. J5, — Ojmbincd Rofinor and Watcr-jackHod “ Mi'lan^tMir/’ (Hw p. 213 ) 
liff pfrtnixnion of Jonrph liakfr, Son», and l*crkin», lAd. 

li(iuid static, as soon as it has run for a short time in a “ melan« 
geur.” A combined retiner and waiei -jacketed “ nielan- 
geur ’* is illustrated (Fig. 15). 
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There is little doubt that chocolate “ fatigues ’’ more 
easily on granite than on water-cooled steel roller refiners, and 
especially so is this the case 'syhen milk chocolates, con- 
taining a great deal of body matters, are undergoing the 
process. 

The alternate refining on granite and steel refiners has 
certain advantages which are discussed fully in a later 
plac(\ It is doubtful, however, whether granite rollers will 
ever be eiui)loyed to any great extent in chocolate factories 
again, since the ont ])ut. of the j)roduct from the steel refiners 
is very much greater than, and the quality but little inferior 
to, that from the granite refiners. 

The degree to which chocolate is refined is entirely 
a matter of taste and recpiirements ; that for use for 
covering sweets or fancy centres and biscuits requires 
less refining than the finest eating-chocolate, though 
there are many })eople who still prefer the coarse and 
gritity chocolate bars for eating purposes to the smooth 
and finely-milled product, now so common on the market. 
This subject has been discussed in all its aspects in the next 
chapter. 

Speed of production does not result in the highest 
standard of (quality, and it is undoubtedly true that the 
treatment in tbe “ melangeur,’’ for an extended period, 
enhances the flavour and consistency of the finished pro- 
duct and, in time, would reduce the chocolate to as fine a 
state of division as would be attained by the use of a refiner. 
The same result may be obtained in the “ conche machine 
which is described in detail later. This prolonged treat- 
ment, however, must be an expensive item in a factory 
where the ma(diinery is driven by steam or electricity, 
though, in a watei^lriven factory, the cost is comparatively 
insignificant. In the former case, therefore, greater reliance 
must be placed on the efficiency of the refiner which reduces 
the chocolate to a fine state in a short space of time, the 
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“ melangeur *’ being used for obtaining the required con- 
sistency. 

It must not be imagined that refining consists of merely 
running the chocolate paste through the refiners, for several 
important points must be considered before the required 
result and output can be obtained. The judicious adjust- 
ment of the rollers is a point of no small imj)ortance, whilst 
the speed of running, in a great many chocolai<^ factories, is 
often too ra})id. Both these points musi be carefullj^ watchtnl, 
and the difficulties can be overcome by })lacing a skillc^d and 
competent man in charge of the refiners. The result of 
running the rollers at too high a speed will be the heating 
and drying of the paste, which, as has already been shown, 
can only be cured by addition of more cacao butter or by pro- 
longed treatment in the hot cupboard or the “ melangeur,** 
both remedies resulting in loss of profit, in ingredients, time, 
and labour. It is a mistaken idea of economy to purchase 
cheap refiners or those made by unknown makers. Much 
time and experiment has been put intq the development of 
the modem refiner by the best engineers, and the chocolate 
manufacturer would do well to take advantage of the experi- 
ence acquired by such experts as Messrs. Joseph Baker, 
Sons, and Perkins, Ltd., and Messrs. Lehmann. 

The Hot Cupboard or Closet. 

The hot cupboard, or hot room, which has frequently 
been mentioned, is one of the most essential fittings of the 
chocolate factory, especially if the “ melangeurs ** are 
working up to their full capacity. 

It has already been shown that chocolate pastes, after 
being “ fatigued *’ by the refiners, recover their texture after 
being placed in the hot cupboards or closets for a few hours. 
Many pastes, that seem too dry ever to recover, will be found 
to revive, if left in the hot cupboard for twenty-four hours, 
and no extra addition of cacao butter will be needed. 
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The hot cupboard is also employed for melting cacao 
butter and chocolate base and for warming the sugar, prior 
to mixing them in the “ melangeur.” 

The heating chamber consisis of an iron frame with iron 
shelves and is with overla])ping double swing doors. 
The heating is effected by st(^ani in the space at the bottom 
of tlu^ chamber. The usual storage ca])acity is about 
()()() 11)S. of cliocolatt^ lo (*ach yard of space, and the complete 
unit UH^asures about 10 h*et long by feet deej) by 6| feet 
high. For ext(‘nsion pur])()S(^s, additional lengths of 8 to 4 
fe(‘t. (*aii b(‘ obtaiiuh. 

The hot room is, of c()urs(‘, (‘veii more suitable for deal- 
ing with larg(‘ (jiiant iti(‘s of chocolates than is the hot cup- 
board, and tb(* t(‘m|H‘rature to be maintained should be as 
high as ])ossible, consistent with the materials to be handled. 
The* milk-fat in milk chocolates is liable to turn rancid after 
long (‘xposure‘S to very high temperatures, so that intelli- 
geuices must control the tempesratures and time of treatme^nt 
in the' liot roemi, as in e'Very othe-r e)])e‘ration during the manu- 
facturt' e)f che)ce)late. The' correct temiH'rat ures for working 
milk che)ce)lati' are' discussed in (ha])te'r XXL 
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SIIOIIT-CUTS TO THK MAXITFACTUKE OF (’iroiH>LATK-- 
INFLUENCE OF METHOD ON QUALITV 

Elsewukkf, it lias lanai <>})s<‘i‘\ ed Hint i*at clioco- 

lal(‘ because tlu^y like it and iiol beeausi* it is ^ood for I1h*iu. 
Ill the light of reiHMit y(‘ars, this obs(*rvation iiiust lx* 
inodilhxl, seiang that tlua-c* is a huge in(T(xis(‘ in IIk* eon- 
suni])tion of sugar jjrr head whi(*h has al lt‘ast some })hysio- 
logieal signilii-aiKa'. Withoul doubt, thi^ viay gri‘at (hauand 
by tlu" ])ubli(‘, at the ]»res(‘nt tinas for sugar or s\v(*(‘t-st ul’fs 
has arisen, in kjurope at any rate*, from tla^ shortage of sugar 
during tlu* yixirs of war. In Auaa’ica, wlaui tht‘ statistics 
are ])ublish(‘d, th(^ hugi^ iiauvasiMl i-onsumption of sugar per 
head will astonish many and may b<^ mainly attributed to 
]>r()hibit ion of ah'ohol and to tla* grixitly increas(‘d wages 
among the workers. 

Both the ])leasur(‘ and jirolit derivixl by (Siting sweed- 
stuffs, wludher as cak(‘s, jmddings or candies, hav ing beiai 
denied or strictly curtaih'd to the massifs in Kuroja^ there is 
a natural reaction in favour of <*onsum])l ion of th<‘se good 
things at the preseiit tinu^, whilst tla* absenci^ ol alcoholic 
liquor in America has also created an additional demand for 
sweet things in that country. 

From 1889 iqi to 1914, the consumption of sugar per 
head had only in(Teas(*d 22-5 per cent, in the United King- 
dom, wliilst Arneri<*a showed an increase of 70*0 per cent., 
and Germany 329*4 per (*ent. Yet, in 1914 — 15, the act ual 
consumption per head in the three countries, r(‘Si)ectively, 
was 89*69 lbs., 86*04 lbs., and 74*95 lbs. In the following 
table are shown the figures for these countries from 
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1910—11 to 1914 — 15, so that modern pre-war statistics 
may be considered : — 



• 

U.K. 

U.8 A. 

Germany. 



lbs. 

lbs. 

lbs. 

1910- 

-11 . 

. 91-64 

77-15 

. 47-89 

1911- 

-12 . 

. 85-38 

82-43 

. 41-27 

1912- 

-13 . 

. 95-52 

. 85-04 

. 49-26 

1918- 

-14 . 

. 93-37 

, 89-14 

. 45-13 

1914- 

-15 . 

. 89-69 

, 86-04 

. 74-95 


With tli(^ cessation of war, wo may expect an increase in 
America, owing to the greater })roduction and less restriction 
in consumption of sugar, to prohibition and, finally, to the 
great wealth of the country and to the prosperity of its 
working classes. 

A slight increase in the United Kingdom may be expected, 
and a decrease in Germany, owing to her inflated consumption 
in 1914 — 15, due to the fact that she could not export 
her surplus of sugar and that the present sugar production 
is lower than in pre-war days.* 

How far the (‘onsumption per head in America will be 
modified in the first year or two after the war, owing to the 
exporting of larger quantities of sugar to Germany and to 
Europe generally, it is not possible to say. She will, also, 
doubtless figure as a very large exporter of chocolates and 
candies to the war-ravaged countries. 

It may be truly said that, both in Europe and America, 
the end of the war saw, immediately, a very greatly increased 
demand for sweet-stuflfs, and among them chocolate. So 
great was the demand that quality shrank into the back- 
ground, and it is doubtful whether, for many years to come, 
the public will recover its discriminating taste, or, if it 
does, whether the manufacturer will pander to it. Particu- 
larly does this am)ly to America, where, at the moment, 
there is no bottom to the market, and where, rightly or 

* A Urge quantity of sugar was used iu Germany, during the war, for Uie manu* 
faoture of gtyoerine, a process which was developed to a high state of efficienoy. 
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wrongly, special attention is directed to mass-production, to 
cope with the demands. So far as America is concerned, 
this state of affairs may continue for a lon^ time, and, even 
with the greatly enlarged businesses and the erection of 
numberless new ohocolate houses, the rapidly increasing 
population and its powers of expenditure will prevent 
competition among the manufacturers from being felt to 
any great extent. The limitation of sugar production 
seems to be the only factor that may adversely affect t.lie 
output of chocolate in the United States, and tlie writ(^r is 
not one of those who believes that, simultaneously with the 
cheapening of sugar at some future date, the demand for 
chocolate will fall off greatly in that country. 

The question of quality is not an easy one to discuss. In 
the year 1920 in which this is written, quality is of less 
account than it was in early 1914, that is to say, chocolate 
will sell itself, to a very large extent, in any part of the world 
at the present time, provided that it is palatably sweet 
and that it tastes of chocolate. There is also a very large 
sale of so-called chocolate, even without these reservations, 
which could not have found a market in pre-war days. The 
question of quality is, therefore, of less significance now than 
it should be. Yet, owing to the fact that old conditions 
must obtain sooner or later, quality must be again considered, 
if future development of the trade is to take place.* 

America and Europe are not on the same plane with 
regard to quality, the requirements of the general public in 
either continent being as different as chalk from cheese — a 
more apt simile than appears on the surface. 

In America, the cult of the smooth chocolate has not 
been developed, and, to the European, the majority of 

• It i« interesting to note that, since these lines were written, oven the best manu - 
factuiers of chocolate have compromised on this point and are providing both good 
high-priced chocolate and cheap low-grade stuff, of which the latter is similar to the 
worst war chocolate and could not have found a market in pre-war days. 
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AiiKiricaii milk and plain chocolates iaste crude and un- 
finished. To the American, tlie European chocolates appear 
slimy and insijufl, and the writer has heard milk chocolate 
from l^]uro])(’ freqmaitly described in the United States as 
“ Cowy.” In justice to America, it should be remarked 
that judpruait. should not be ])assed u})on the American 
chocolates r(‘C(aitly Hooding the English markets. Much 
harm has bwn done to the American chocolate trade 
tlu'ougli ex])orting t-o Euroi)e ])roducts of very ])Oor qualit}^ 
probably on the assunq)tion that aiiy filing would sell during 
file sliortage. As a statement of fact, there are many manu- 
facfiirers in the United Statics cajiable of jiroducing as good 
a cliocolafe as any to b(‘ found on this side of the water, 
but, unfortunately, too tew shoAv their ca])ability. 

This is certainly not. tlie ])lace to discuss the pros and cons^ 
advantag(‘s and disadvantages, superiority and inferiority, of 
eitli(‘r product. Ev(‘ry count ry has some strong partiality to 
s[)ecific (pialiti(‘s or strength of Havour, a ])artiality derived 
from the pleasing or disjleasing (‘tfect of aromas u])on the 
sense of siudl. Thus, tlu* ])revai!ing tastes for vanilla in 
Eranc<‘ and for iinuon in England are examples of one form 
of [)artia!ity. It is no ipiestion of good or bad taste, but 
only ont‘ of like or dislike. 

In chocolates, ])lain and milk, there enters also the 
(piestion of the led on the tongue, roughiu'ss or smoothness, 
and, by gradual stages, Eurojie has transferred its affection 
from caramels, their smoothness and flavour, to milk choco- 
late, thenct‘ to tie* smooth “ fondant chocolate, now so 
universally pojmlar. In this way, the coarse chocolate of 
old has largely disa})j)eared. 

America does not seem to be passing through tlie same 
stages, and it possesses very few houses which siiecialise in 
eithei’ line, smoofli milk or “ fondant ** chocolates. Coarse 
varieties of milk chocolate are most common, and the very 
great popularity of “ fancy cliocolates ” with filled centres, 



SHORT-CUTS TO THE MAX!^FACT( RE OF ('HOCOLATE* 221 

as distinct from straight tablet cliocolate, also accounts to 
some degree for lack of attention jmid to the chocolate itself. 

It is most common to tind, in tlu^ United States, houses, 
with a huge output of covered chocolati^s or fancy choco- 
lates, that do not tnake ev(*n their own covt‘ring-chocolate, 
but buy from otlier factories vvliich specialise in this din‘c- 
tion. In Em’oi)e, it is only th(‘ very small a, ml. usually, 
retail cliocolate-makers that buy the covering-chocolati' in 
tliis way. 

In speaking of Ameiican chocolate, tlaaeforcs as (*ru(l(‘, 
it is not. intended to decry that product — far from it -for 
it has th(* virtues of ])opularity and gr<‘at sales in that (*on- 
tinent. Yet it i,s int (aided to <a)nv(*y tlie suggestion that, 
there is less attention ])aid to its nianufact un* than to the 
production of most, of tla^ J^hiropiain chocolate. Firstly, 
owing to the hug(^ ipiaiitities produced by th(‘ fact oriels 
struggling to cope with tlu^ (hanands, and, secondly, from 
the fact, that the cliocolah^ can bi^ sold as fast as inadis the 
manufacturer is, clearly, h^ss abh* to concern himself about, 
and less interest, ial in maintaining, a high standard than if 
he were up against com[)(ditioii. 

The remark made by the writer in tla^ UnitiHl Statt^s, 
when disemssing this saim^ thing, that “ chocolate made (!ven 
on the family mangle would s(dl well,^’ is not far from the 
truth, the degree <jf refining and the art of manufacture of a 
very large number of the chocolates on the American market 
requiring very little more machinery than one (jr two of t iu^se 
pieces of liousehold furniture. Uenerally speaking, the 
manufacturers are aware of this fact, and some have resorted 
to devices but little removed from a mangle. 

It is, clearly, a question of public taste, and it does not seem 
even desirable to attempt to substitute much finer chocolate, 
produced at a greater cost, when huge (juantities of that 
more readily prepared can be sold witli the utmost ease. 
On the other hand, every manufacturer in every part of the 
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world must ask himself, at some time or the other, whether 
the throwing tog^ether of the necessary ingredients, with a 
rough mixing and a certain amount of grinding or refining, 
gives the best results as seen in the finished article. 

By such a process, chocolate, and good chocolate, c^m be 
made, but only if the ingredients are of the best, and pro- 
vided certain fundamental principles are observed. But 
individuality cannot be obtained by these means, and con- 
siderable care in detail must be expended if the best flavoured 
chocolates are to result. It is only so that Cadbury’s 
“ Mexican ” and “ Bournville ” chocolates, Terry’s “ Bitter ” 
chocolaie, Chocolat Lindt, Peek Frean’s “ Meltis,” Marquis 
vanilla chocolate, and many other of the familiar brands 
with individuality have won their deserved popularity in the 
face of keenest competition. It is true that, as soon as 
competitjon ceased during the war — for it was then rather 
a question of supplying an unprecedented demand with 
acute shortage of all the necessary ingredients — the quality 
of these well-known makes fell off. It could not have been 
otherwise, but now it rests with the manufacturer to deter- 
mine how soon the public will recover its old pre-war discri- 
mination and to return to his good standards. 

This general argument has brought us to a point which 
is of the greatest importance to the future of the chocolate 
industry, namely, as to whether there is any short-cut to the 
making of chocolate. It is hardly necessary to say that such 
a question is not being considered here for the first time. It 
is of the utmost interest to the manufacturer to know whether 
all the costly machinery, at present found in an up-to-date 
factory, is really necessary, seeing that chocolate, in the old 
days, was made in a pestle and mortar and that, in the 
evolution of the #rt of chocolate manufacture, new machines 
have been constantly added and old machines improved until, 
in order to produce the finest “ fondant ” or milk chocolates, 
complex machines, of highest credit to the engineer, have 
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to-day become apparent necessities. The answer is simple 
to miderstand, yet somewhat complex to put in black and 
white. • 

Firstly, come in the matter of competition, met by the 
manufacturer, and the necessity of finding a chocolate of 
sufficient individuality and attractiveness to tickle the 
popular fancy. In order to secure character in a chocolate, 
a specific flavour must be either added or else secured, by a 
special treatment of the chocolate during manufacture. 
In the first case, additional machinery is not recpiired, but 
the devices of the manufacturer may extend to any of the 
machines adapted for cooling or heating or siiecial grinding, 
or to the invention of a new machine, such as the 
“horizontal ” or “conche,” to secure a required result. 

With regard to the “ conche,” there has never been a 
machine so much discussed. What is the use of a 
“ conche ” ? What result, unobtainable on other machines, 
does it effect, etc. ? The “ conche ” provides a machine 
specially adapted for running continuously for a large number 
of hours with the minimum amount of friction in the bearings 
and mechanical parts of the machine, but with a maximum 
amount of friction and movement given to the chocolate, 
which can be kept at any required temi)erature. A “ melan- 
geur ” might do the same work, but it is both a clumsy 
device for this purpose and is open to the objections that 
there is greater friction involved in the machinery parts and 
that it is less easily adapted for temperature control. Added 
to this, the “ conche ** keeps every portion of the chocolate 
paste in continuous and even violent motion, which secures 
a result unobtainable in a “ melangeur,” chaser or kettle. 
But the “ conche ” might be just as well excluded from a 
factory, or substituted by a kettle, if the chocolate is not 
allowed to remain under the agitating and rubbing move- 
ment for at least thirty-six hours. In the “ conche,” too, 
an after-development and improvement of flavour can be 
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encourap^ed by lunit, la’ovided, of course, allowance has been 
made in the roast, hi the simplest and most economical way 
and without, loss*ol‘ arojiia that mi^dit, arid naturally does, 
occur in an 0])eii “ melangeur ” or kettle. 

The next consideration for the manufacturer is as to how 
much tlui finest (pialities of chocolate owe their virtues to 
the machinery (unployed. At. the outs(‘t, it may be asserted 
Halt you cannot make good idiocolati* out of bad materials 
and that good materials may be s];)oilt by inattention to 
detail, even with the b<‘st machiniav, but more easily by the 
us(‘ of bad machimay. Taking th(‘ liist of these sub- 
considiMations, (wen an eftichait roaster may ])rovidi^ incon- 
sisUait roasts, or iairn tht‘ beans, if care is not exercised. 
A badly adjusted husking machine may allow too much 
busk to llnd its way into the chocolate mass; a cocoa mill, 
with stones set too close, may burn the cacao mass, and so on. 
Through every stage of manufacture, attention to detail and 
to adjust namt of machines is essiaitial to the ])ioduction of 
good chocolatt*. 

As to the use of bad machines, it is clear that machinery 
inca])able of candul adjustment, is ojien to all the dangers of 
good machiiuay without the advantage of cure, secured by 
attention. Again, machinery, made by engineers not fully 
cognisant of tlH‘ materials that have to be handled on the 
machine, is liable to all sorts of hnjierfections, to the detri- 
ment of the (diocolate. Of this class of machinery, the waiter 
s]>eaks feelingly and can but wwn i)ros})ective chocolate 
manufacturers against them. 

Next, in imiiortance, is the old debatable point of the 
respective merits of steel over granite rollers in the process 
of refining. When sttiel retiners wwe hrst introduced, they 
revolutionised io a great extent the chocolate industry. 
They enabled chocolate makers to reline more closely and 
quickly their chocolate jiroducts, but, even to this day, there 
are many manufacturers and technical men who are not 
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entirely converted to their uae. Wiien steel rolls were put 
on the market, it was stated by almost all the chocolate 
manufacturers that the chocolate would taste metallic, and 
many maintain, to-day, that it does so. The writer is not, 
and was not, one of these, though lie is aware that it is 
possible to make chocolate taste metallic by passing it 
through steel refiners, if the ordinary precautions in practice 
are not carried out. 

To-day, so accustomed to the idea of steel refiners have 
manufacturers become, that steel kettles, steel-bedded 
“ conches,” and even steel cocoa mills and chocolate mills 
have become the order of the day. The scarcity of the best 
granite has had something to do with the great change of 
front, and, generally speaking, the product has not suffered 
by the change. 

How far can this adoption of steel and iron, instead of 
granite and stone, be carried ? Formerly, it was universally 
held, and still is in some of the best factories, that the less 
the chocolate comes into contact with iron the better. The 
writer is strongly of this opinion, for the reason that cacao 
contains tannins which, in the presence of moisture, (juickly 
act upon iron, producing iron tannates of dark colour and 
strong metallic taste. Previous to refining, the chocolate 
paste should have been sufficiently heated, in the processes 
of roasting and mixing in the heated ” melangeur,” to render 
it free from moisture, for all practical purposes. Therefore, 
the action of refining on steel rollers is negligible so far as 
the attack upon iron is concerned. Any ))rocess including 
and following refining is safely conducted in iron vessels for 
this reason, provided that access of moistuve is prevented 
and that the chocolate is not allowed to absorb water from 
the air during the time elapsing between the processes. 
But, up to the point of refining, the cacao mass itself retains 
often as much as 5 per cent, of water, which, in the writer’s 
opinion, backed by experience, is far too higli to allow 

W.C. 
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fOnUict witli iron io be made safely and without the cacao 
mass a(‘quiring a metallic tkvour. 

Steel mills for cacao mass, or for direct gibiding of the 
mass with su^ar, are, to the writer’s way of thinking, inad- 
missible in th(‘ ])reparation of the best clmcolate. Further 
than this, the action of a cocoa mill is not only to reduce tlje 
nibs to the finest state of division possible within the limits 
of the time and s))ace, but, also, to rupture the cell sacs and 
to fre ‘ the enclosed fat : in other words, it is desirable to 
rend or tear Ihe fibre rather than to grind. The best method 
of doi?)g this is between two stones. 

With regard to refining, much the sanu^ remarks a])})ly, 
es))ecially in th(‘ latter s(‘ns('. The action of ra])idly revolv- 
ing steel rollers is to crush, and, indeed, they crush and 
I’etine very efficiently, since there is less need to rend thc^ 
fibres of the cacao once that has been done on the stones of 
tbe cocoa mill. But, those who have tried refining from the 
cold chocolate block on a granite mill will admit that that: 
method, too, has its advantages, which, in the ])roduction of 
([uality, far outweigh to a chosen few the advantages of s])eed 
and mechani(‘al efficiency of later types of refiners. 

Tliis argument tor su))eriority of granite over steel is 
often spoken of as “ hair-splitting.” and, in these days of 
large outj)uts, most manufacturers have been forced to 
admit that the differences in the flavour of the chocolate, 
resulting from the two j)rocedures, are of so little importance 
that it is doubtful whether the public would realise them, 
whilst the efficiency and speed of grinding by the modem 
steel refiners are so great that he cannot afford to ignore the 
financial advantage to be derived. 

Each one to his taste, his conscience and his pocket ! 

A great attempts have been made to reduce the 

quantity of machinery and the time taken for refining 
chocolate. Some of these efforts have met with commercial 
success, but, except in the last few years, claims have not been 
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made that the finest chocolate can be produced by these 
short-cut processes. It should be staled, in defence of the 
manufacturers of these machines, that* the claims, at the 
outset, have been moderate, but that it is the chocolate makei 
who has often Keen in the adoption of these machines a 
cheap method of manufacture of his juoduct which he })assos 
off on the public as finest eating-chocolate. So long as the 
public can be induced to buy sucli ])re}>arations by ('lever 
advertisement, or so long as it lacks discrimination, the use 
of short-cut machines will be found eminently satisfactory 
to tlu* chocolate manufacturer. Our own ojunion is that 
th(^ best eating-chocolate cannot be |)roduced on tliescj 
machiiH^s, for reasons stated earlier in tlu^ chapter, whilst we 
readily a('knowledg(‘ the value of such inventions as the 
“ Bailsman Dis(^ nuK'hine, the “ Walk(‘r ” machine and 
other similar dt'vices for tin* manufacture of covering- 
('hocohites in a cheap and simple manner. 

It is not our wish, therefore, to decry these efforts at 
improvement in chocolate manufacture, just because certain 
extravagant claims are made. On the (contrary, we wish to 
j)oint out tlui direction in whii'h the chocolate manufacturer 
may, with advantage, adopt such inventions. For the 
manufac'tun^ of covering-('hocolate, for coating fancy choco- 
lates, biscuits, etc., there is no doubt that the “ Bailsman 
Disc ” machine, especially, will be found eminently service- 
able and profitable. Indeed, in America, the author was 
struck with the great possibilities of being able to equip a 
chocolate factory with kettles and “ Bausrnan Disc ** 
machines only. It was not, however, until the author looked 
into the product that he realised that, with even the greatest 
care expended, the resulting material lacked the finish that 
we expect to find in good eating-chocolates. In America, 
as we have observed before, the public is not particularly 
discriminating, and, for this reason alone, the Bausrnan 
Disc machine finds, at the present time, considerable 
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popularity among manufacturers whose business is simple 
in that they can sell all the chocolate they can make 
without serious consideration having to be given to quality. 
On the other hand, there are many excellent firms who would 
scorn to sell to their public covering-chocolate as a fine 
eating-chocolate. 

1. The '' Bausman Disc” Machine. 

The “ Bailsman Disc ” reducer is used for the same 
purpose as the cocoa mills, i.c., to reduce the nibs to a liquor 
in as fine a stale of division as [xissibD. The principle under- 
lying this machine, as in the “ Bailsman Disc ” refiner also, 
is the [)assage of the nibs between three grooved, steel discs, 
of which the centre one alone revolves. The more modern 
machines are water-cooled, so that the heat of friction shall 
not affect the cacao mass detrimentally, and. in this arrange- 
ment, lies the great advantage over stone mills, which, at 
best, are bad conductors of heat, owing to the material of 
which they are made. It is certain that the faces of 
the outside discs (‘an be kept cool, even when clost^ 
grinding is in operation, though the author admits to 
the dislike of treating cacao mass on steel rollers or discs, 
or of allowing it to come into contact with iron or steel of 
any sort. 

The (juantity of cacao liquor that can be reduced on a 
“ Bausman Disc ” machine varies from 200 to 300 lbs. 'per 
hour, according to the closeness of the grinding, a triple mill 
being capable of an output of 150 to 250 lbs. per hour, though 
this has been increased somewhat of late, owing to improved 
methods of cutting the stones. There is, therefore, a saving 
both in output and space by adopting the use of a “ Disc ” 
machine, since tljp floor space occupied by the latter is only 
2 feet 6 inches by 4 feet 4 inches. The powder required 
for the Disc ” reducer is only 5 h.p., the speed of the 
driving pulley being 860 to 400 r.p.m. The horse-power 
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diameter. The power necessary to drive the refiner is 16 h.p., 
tlie number of rev(jlutions, required, being 300 to 350 per 
minute. The refiner is.especially suitable tor reducing choco- 
late paste, after mixing, to a suitable smoothness for use as 
covering-chocolate, but, as has already been' indicated, some 
manufaclurers use the machine for prej)aring eating-choco- 
late which is not of the smoothest variety. Tlie dies require 
re-cutting fairly frequently, owing to the large output, 
200 to 300 lbs. per hour according to the degree of fineness 
recpiired, and the more modern machines are equip})ed with 
easily moved discs, which, it is recommended, should be 
rejdaced when showing signs of wear. Th(^ cliief disadvan- 
tage of tliis refiner li(‘s in the necessity of adding largt* 
(juantities of cacao butter in order to secure a satisfactory 

OU])t lit. 

It is claimed by the makers that the “ Bausman Disc ” 
machines are very sanitary, in that the cacao liquor and 
chocolate paste are jirotected from dust and external 
contamination. Further, it is claimed that, tlu* aroma is 
conserved by kee))ing the prepajation away from the air. 
An illustration of the “ Bausman Disc ” machine (to left), 
and the “ Bausman Disc ” refiner (to right) is shown in 
Fig. Ifi. 


2. The “Walker” Machine. 

The “ Walker ” macliine consists of two conical, grooved 
cylinders, the one situated above the other, each fitting 
closely with, and revolving within, a hollow, grooved conical 
cylinder. The chocolate paste passes from one to tfie other 
and undergoes a crushing or disintegiation in its journey. 
It is necessary, in order to obtain the best results, to crush 
the nibs to a lifuor before mixing with sugar and passing 
through the cylinders. The sugar can be quite coarse and 
crystalline, and only a medium covering-chocolate can be 
made on this machine. 
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The author understood, wlien he was in Anierica, that a 
considerable iniprov'ement had been made by the inventor 
and that, excellent results liad been obtahied with the new 
model. No machine was seen, however, duriiif^ the author’s 
stay in the United States. 

3. The “ Bramigk ” Ball Machine. 

There liave been several types of this macliine con- 
structed, all based on the tumbler ])rinciple in which h(‘avw 
steel or stone balls are carried round on the inner side of a 
(‘-ylinder or drum and made to fall upon the material to b(^ 
(‘rushed or ground. Tlu* constant friction also levigates lh(‘ 
mass, and the machine lias the advantage of being able to 
treat the nibs and sugar direct, without preliminary grinding, 
tliough it jiossesses the serious disadvantage of lH*ing 
extremely noisy, being dubbed by tla* workmen in om‘ 
factory, visited by the author, the “ Hell-on-Earth ” machine. 

4. “ Gloor” Patent. 

English jiatent, 1915, 7,041, and Eionch patent, 1915, 
479,007, relate a process for the manufacture of all sorts of 
eating- and dessert chocolates and c.overing-c.hocolates by 
simultaneously cooking, roasting and jiulverising the cacao 
beans and caramelising the sugar. The patent has laudable 
and ambitious objects — to reduce the cost of manufact ure 
of such chocolates and, through this rapid roasting and 
cooking process, to retain all the cacao butter present in the 
beans and all the valuable chemical constituents, required*in 
standard special chocolates, and thereby to obtain a much 
finer flavoured chocolate than hitherto The temperature 
necessary for the cooking, etc., up to as high as 850*^ F., is 
produced by friction instead of by steam or fire, tfnd the 
whole operation is complete in thirty-five to sixty minutes. 
For beans containing a high percentage of fat, 250° P. is 
recommended as the maximum temperature. The less 
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cacao butter, present in tlit‘ beans,, the higher the temperature 
may be allowed to rise. 

Any suitable ftnudiine may be used, the only essential 
being, according to the inventor, that sufficient churning 
and rubbing of the part, ides should take place, to liberate the 
necessary heat . “ For exam])le, as a type of apparatus that 

will ])erforin th<^ })rocess, a machine can be used wherein 
two sets of ra])idly rotating ))addles or the like, interlocking 
in t heir paths in a well-known manner, are used to effect the 
purpose.” Needless to sa.y, the speed must be high. The 
chocolates juoduced by this process, as seen by the author, 
do not call for great enthusiasm as to flavour, though the 
state of division is very line. 

5. Combined Refiner and Water-jacketed “Melan- 
geur ” (Pig. 15), Water-jacketed “ Melangeur,” or 
Continuous Refining Machine 

may each be used to produce satisfactory covering-chocolate 
and do not call for special mention. Messrs. Joseph Baker, 
Sons, and Perkins, Ltd., make each of these combinations and 
single machines, and can provide further information as to 
theii' output, cost, etc. 

6. “Amorphous” Sugar. 

Instead of looking to the modern chocolate machines, 
which must be recognised as fulfilling th^ir duties very 
efficiently, the author, for many years, has been inclined to 
look to the modification of the ingredients, in order to effect 
increase of output without deterioration of the product. 
Any attempt to reduce appreciably the time taken in, or to 
cut out any of the operations of, chocolate manufacture has, 
so far, been met by failure, in that the product, resulting, has 
been inferior in quality and aroma. There is a great deal to 
be said for time-honoured customs where the quahty of a 
manufactured article is concerned, especially when dealing 
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with materials that possess elusive qualities of aroma and 
consistency. 

In the early days, it mattered little how much time was 
spent in preparing a product so long as the article, required, 
was eventuall}^ obtained. To-day, perhaps, the public is 
less exacting, yet its attitude does not seem to justify the 
adoption, by the manufacturer, of methods that clearly are 
efficient only in increasing output. Modern inclination lias 
been towards a very smooth chocolatis usually termed 
“ fondant ’’ chocolate, which requires long treatment on the 
refiner and (oi) in a “ conche ” machine, and the addition of 
a large quantity of cacao butter. The method of making 
fondant chocolate is discussed in a following chapter, 
but it seems a suitable })la-ce here to consider an especially 
advantageous system for the prejiaration of the most 
important ingredient in chocolate manufacture. 

Hard crystal sugar is usually employed in making 
chocolate, and, when it is realised that it is the grittiness of 
this sugar that it is required to refine away or to round off, 
the former being accomplished on the refiner, the latter in a 
heated “ conche ” machine, the importance attached to this 
ingredient by the author will not be found to be misplaced. 
After numerous experiments, both on the small and large 
scale, the preparation of “ amorphous sugar has now come 
to be recognised as a distinct step in the right direction for 
the manufacture of chocolate. The principle, underlying 
the idea is simple. Firstly, a soft sugar is prepared instead 
of a hard one, and, secondly, after appreciating the fact that 
it is possible to over-refine, by reducing the particles beyond 
a certain degree of fineness when the gnttiness felt by the 
teeth is long passed, the sugar, so produced, is of such a nature 
that, on one crushing in the refiner, it will be at once reduced 
to the size when it can no longer be felt as grit between the 
teeth. Over-refining is also extravagant in cacao butter, 
inoe the smaller the particles are reduced the larger is the 
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superficial area to be covered and the drier the resulting 
paste, or the greater the (juanlity of cacao butler necessary 



Fio. 18. — Elevation and Third-Floor Plan of Amurphoiix " Ktij^ar Plant, with 
Refineiy Hyotem. (.Se« p, 232.) 


By prmtvtitioH of Mroort. Jotttph Baker, Sons, and Perkin*, iJLi, 


to be added, to bring the chocolate to its correct consistency. 
Many “ fondant ” chocolates on the market suffer from tliis 
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defect, since their analyses show unnecessarily high per- 
centages of fat. 

Considerable ^improvements have been made in this 
process by Bradley, Carr, Messrs. Pe#k, Frean & Co., Ltd., 
Messrs. Rowntree & Co., Ltd., and Messrs. Joseph Baker & 
Sons, Ltd., and t he method of manufacture of the sugar has 
been described in English patent 132,200, 1919. This 
patent describes a refinement of tlie processes, mentioned in 
English ])atents 28,29G, 28,297 of 1908 and 4,112 of 1904, in 
which tlie manufacture of “ amorphous ” sugar is given in 
full detail. It should be remarked, incidenially, that a very 
great additional advantage to the chocolate manufacturer, 
especially if he makes confectionery also, is to be found in 
the fact that the system may be adapted to include a minia- 
ture refinery, in which white syru))s or sugars can be })ro- 
duced from raw* sugars, a matter of very considerable 
importance in these t.imes, besides })roviding handsome 
remuneration. A line dniwing of the system is shown in 
Figs. 17 and 18, and the results, obtained in chocolate by 
the use of “ amorphous ” sugar, are to be seen in the photo- 
micrographs shown in Chapter XXVIII., Figs. 35 to 38. 



CHAPTER XVH 

MOULDING CHOGOLATK TAI5LHTS. (^ROQPKTTKS. NKAPOLT- 
TANS AND FANCY SHA1»K8 ; TAPPING, COOLING, WRAPPIN(i 

The chocolate, after the necessary smoothness and con- 
sistency liave been obtained by treatment in t he“ melangeur*’ 
and refiners, is ])Iac(‘d in the hot cupboards or liot room till 
required for moulding. Each tin in the cujjboard should be 
clearly marked to indicate the grade of the chocolate and 
date of manufacture. 

It is desirable to knead the chocolate ])aste prior to 
moulding, as the tem})erat ure in t he hot cu))board, of 50® to 
60® C., may have caused separation of the solids from the fat 
which would rise to the surface. 

The chocolate-kneading machine, sometimes called a 
“ chaser,” is usually a small high-s})eed one-roller ” melan- 
geur ” which may require heating, according to the tempera- 
ture maintained in the factory and the coldness of the day. 

Steam-jacketed stirring kettles are more commonly 
employed for keeping the cho(*/Olate mass at the correct 
temperature, and, by keeping the stirrers in motion, the 
chocolate is maintained in a suitable homogeneous condition 
ready for the moulding operation. 

When the chocolate paste has acquired the correct 
consistency, which does not usually take longer than the 
time necessary to mix it thoroughly, it is taken from the 
kneading machine and placed on a wooden or marble lable 
and spread in shallow rows. The reason for this operation 
is to bring down the temperature of the chbcolate paste to 
one reasonably low enough for passing through an air- 
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extracting machine, automatic weigher, or other desirable 
labour-saving device, immediately prior to moulding. 
When kettles ar^ used, this process is not necessary, as the 
chocolate can be maintained in them at any required 
temperature. 


Air-Extracting Machine. 

Where an air-extracting machine is employed, the choco- 
late, at a temperat ure of 32'’ to 84'' C., must be fed into the 
machine, warmed to a tem])erature similar to that of the paste. 

The chocolate, in passing from the hopper, is forced by a 
helical axle into a small receptacle, whence it escapes through 
a conic'al orifice and is cut by a sim])le device into required 
hmgths or weights. 

In a machine designed by Messrs. Joseph Baker, Sons, 
and Perkins, Lt d., an a])paratus, somewhat resembling the 
cartridge cylinder of a revolver, is placed in front of the 
outlet of the air-extracting machine and is fitted wdth six 
tubes, in each of which W’orks a piston. Each tube is 
l)resented, in turn, in front of the outlet and, as soon as filled, 
is automatically enqitied by the piston so as to deliver, if 
r(‘(|uired, on to moulds placed on a continuous travelling 
band. By altering the size of the tubes, th(^ machine can 
be adjusted to weigh from | lb. to ^ lb., or from 1 oz. up to 
Jib.’ 

The overall dimensions of the machine are 5J feet long 
by 2 feet w'ide by 4 feet high. 

The air-extracting machines work very well for medium 
and soft pastes, but irregular and rough lengths will emerge 
from the outlet if the chocolate is too dry. 

In many factories, the air-extractor is dispensed with, 
especially wh^re hard dry pastes are employed, and in such 
cases, the chocolate is pressed directly into the clean dry 
moulds, when the subsequent action of the tapping table 
brings the air-bubbles to the top where they burst. 
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Automatic Tempering Machine. 

As has already been ^tate(l, before lnoJuldin^^ it is neces- 
saiy to get the mass of ehoeolate to a eeriain and constant 
temj)erature, if the best results are to be secured. The same 
leinark a})])Iies to covering-chocolate before it is ])laced u})on 
the centres, whether by hand or by machine. To this end. 



Fk;. h) -Aufomatu- Tompering Mac hine for Stiff anci LiipiKi Cho<-olatc, Milk 
Choeolate, Coverin^H, etc-. (See p. 240.) 

by fifrmviDion of Menttrn Hramiyk d" Co., lAtmlon. 


“ melangeurs ” mixers, steam kettles, etc., may be used. 
Such appliances are, however, slow and laborious in operation, 
and, since it is a well recognised fact that the taste, appear- 
ance and break of the finished chocolate depend, to a very 
great extent, upon the temperature of the material during 
the moulding process, it is not surprising that the engineers 
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of the chocolate industry have devoted much time and 
attention to an automatic device for achieving the same 
end. 

The Automatic Tempering Machine, illustrated (Fig. 19), 
is probably the latest word in machines for bringing chocolate 
automatically and continuously to any required temperature 
for covering or moulding. In one minute from the time the 
chocolate is fed into the hopper, the mass is evenly and 
consistently heated to the temperature required. The 
machine is simple in operation, and two special devices, of a 
very ingenious design, automatically maintain the tempera- 
ture, oiK^e they have been adjusted. 

The machine consists of a cast iron stand, about 9 feet 
long, supporting a number of hollow rollers which are 
arranged in pairs. There are two water-tanks, and a rotary 
pump raises the water from the lower to the upper tank 
where the water is heated by means of live steam, thence, by 
a series of copj)er tubes, to the hollow rollers. The pipes, 
connecting the rollers with the hot and cold water supplies, 
are so arranged that different temperatures can be obtained 
on the various rollers — that is to say, one section of 
the rollers can be made warmer or colder than the rest, 
at will. 

The chocolate is taken from the store room and, without 
any previous preparation, is fed into the hopper. It then 
passes horizontally between the two sets of revolving rollers 
and is delivered, in about one minute, to the other end of the 
machine. While passing over the rollers, it takes up the 
required temperature and, at the end of the machine, is ready 
for moulding or for covering fancy centres. Thermometers 
are provided, whenever necessary, for ol)serving the tempera- 
ture of the chiocolate. The horse-power for driving the 
machine is small, from h.p. to 2| h.p. for machines for 
tempering to 3 tons per 10-hour day, and to 5 tons per 
10-hour day, respectively. 
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Moulding. 

Assuming tliui tlie chocolato is ready to be moulded, 
whether or no it has })assed througli the %air-extraetor and 
weighing maeJiines, and is at a lemjxaature of 82® the 
paste of dry choc;oIate may hv juvssed by hand into the 
moulds, or, if of the softer variel ies, s])read with a. palette knife. 

The moulds should be of polished white melal, thoroughly 
clean and dry, warmed to the same tem|>t‘rature as the })aste. 
These precautions arv most, n(‘c(‘ssai‘v. as tin* linish of the 
tablet or Jiioukhul artich* ilej>eiids (‘utirely upon tlu^ cart^ 
with which the moulds an^ tnuihal. Dull spots on the 
surface of the tinisluMl, iiiouhhHl chocolah* an* tlu^ results of 
dull, dirty moulds, or th(\y may be caused by the moulds 
being (*ooler than tin* pastil jiressed into them. The gray 
top surface “ bleak ” of the chocolate* may also la* put down 
to this same caus(^ 

The correct temperature of chocolate j)ast(^ for moulding 
is from 82® C. to 84® C., tliough many ligures have be(»n 
published to show tla^ varying temperatures for moulding at 
different times of the year. Such variations of moulding 
temperatures should not Oircur in factoric^s kept at a reason- 
ably constant temjierature tliroughoiit the year, say 20® C. — 
a matter of no great difficulty in these days of efficient 
heating and cooling systems. Small tablets, however, 
should not be moulded below^ 82® C., whilst larger masses of 
chocolate will hold the heat they contain the longer and may, 
consequently, be moulded as low' as, say, 30® C. 

If variations of temperature do occur in the atmosphere 
of the moulding room, it is obviously necessary to increase 
the temperature of moulding, during the cold, and to low'er 
it, during the hot weatlier. Experience is the best guide to 
the correct temperature for moulding during fluctuations 
of atmospheric temperature, though 5® C. on each side of the 
limits, mentioned, will certainly meet all requirements. 

It is advisable to make use of a thermometer to regulate 
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the moulding temperature, though, here again, experience 
steps in, and it will be found that persons well versed in 
moulding chocolafte, and especially those who are constantly 
handling the same variety, can tell, as accurately as any 
thermometer, when the correct temperatui^e has been reached, 
by the feel of the consistency of the paste or by the heat of 
the chocolate felt on the lip. 

If the chocolate is to be sold by weight and to be moulded, 
the weighed paste is pressed evenly over the mould ; if 
merely in tablets without a guaranteed weight, suflScient 
pasi,e to fill the mould is pressed or filled in with a palette- 
knife, and the surplus chocolate removed by running the 
knife over the surface of the mould. 

Many curious defects occur on moulded chocolai.e tablets, 
such as white streaks and dull ])at(‘hes. Most manufac- 
turers j)ay no attention to these slight im])erfections, which 
are liable to appear on tablets in the most carefully controlled 
factories. The author has investigated many of these faults 
and has collected the following information which may ])rove 
serviceable to the chocolate manufacturer who takes a pride 
in his [)roduct. For “ fondant ” chocolate, the best tem])era- 
ture at which to place the paste into tha moulds is between 

and 84^^ C. The moulds must be perfectly cleaned, free 
from moisture, fat and finger marks. Dented or broken 
moulds also produce unsightly tablets and should be 
discarded. 

The temperature of the “ setting ’’ room into which the 
moulds are j)laced, or through which they pass, should not 
fall below 1° C., nor rise above 8° C. in normal climates with 
a normal room temperature of about 17^ to 18° C. If the 
lower temperature is employed, the transition from the 
“ setting ro^m to the packing room should be slow, the 
temperature gradually rising to that of the normal room. 
This will prevent the formation on the tablets of dew which 
would cause other troubles, such as sweating and discolora- 



MOVLDII^G CHOCOLATE TABLETS * 243 

tion, if the tablets were packed damp. White streaks in 
the chocolate are often caused by dry chocolate, left on the 
palette-knives, finding its way into tho chocolate paste. 
The palette-knives being too cold may also cause the same 
defect. , 

If the chocolate is cooled too slowly, or if the chocolate is 
placed in the moulds at too high or too low a tem[>erature, 
it will turn whiti‘ and dull. 

Chocolate, allowed to cool at ordinary room temperature, 
never sets liaid, hut always nunains soft and doughy. Much 
loss of “ snap ” is dm‘ to this cause. Dull patches appear 
on the moulded face of th(‘ chocolate which look like dew, 
but which will not evaporat(^ oi* char on heating. 

Under the mic roscope, all cases of whiteness and streaki- 
ness a})])(<ar to be (liu‘ to the same cause, that is, to circular 
patclies of crystals, whitdi an^ almost certainly of cacao 
butter, appearing on or just under the surface of the 
chocolate. 

A few actual experiments will illustrate the effect of 
rapidity and tem})erature of (‘ooling on the appearance of 
moulded chocolate : — 

(1) Hoorn temj)erature, 23^ C. ; wet bulb of hygrometer, 

19° C. 

A “ plaipie ” of tilled moulds was placed in front of a fan 
and cooled down in about two hours. The tablets were all 
wliite ajid streaky. 

(2) Chocolate paste, at 37° C., was taken, moulded and 
}>laced in the cold room at 5° C, When set, which it only 
did with the greatest difficulty, the chocolate returned to a 
granular, soft and rather doughy state on standing at 
ordinary room temperature of 23° C. Considerable dis- 
coloration was also noticed. 

(3) Chocolate at 34° C. was cooled in an open room about 
20° C. The tablets were white, streaky and mottled inside, 
and dull patches, which looked like, but were not, dew, 

le— a 
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Bhowed both on the moulds and the moulded faces of the 
chocolate tablets. 

(4) Chocolate at 30'" C. was moulded and cooled at about 
4® C. The result was slight streakiness on the moulded faces 
of the tablets. 

The defects, enumerated above, arising in moulded tablets 
of chocolate may also be caused by too hot or too cold, dirty, 
damp or greasy moulds. Care expended in cleaning and 
tempering moulds is well repaid by the excellence of the 
finish of the tablets. 

When moulding milk chocolate, the paste may be taken 
straight from the “ conche,” if at the correct temperature, 
or after tempering to about 34° C., which has been found to 
be the best moulding temperature. Cooling is conducted 
at about T C. for from 30 to 35 minutes, and it should be 
remembered that milk chocolate cools much more slowly 
than plain chocolate. 

Moulds. 

The appearance of a finished chocolate depends upon the 
temperature at which the moulding is conducted, the nature 
of the ingredients and, especially, upon the quality of the 
moulds. The temperature of the chocolate and of the 
moulds is most important in securing a good finish to the 
surface of chocolate, but no amount of care, expended in this 
direction, can ensure a high glaze if the moulds are imperfect. 
During the tapping or shaking process, the soft chocolate is 
shaken into intimate contact with every part of the surface 
of the mould, so that, if there are any faulty apertures, the 
chocolate, on cooling, hardens into them, and the subsequent 
knocking-out has to be excessive, reducing considerably the 
life of the moulds and making the surface of the chocolate 
tablets unsightly. Undulations and irregularities of the 
mould, which might easily escape detection on examination, 
show up very markedly on the chocolate tablet produced in 
an imperfect mould. 
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The most satisfactory moulds, of which the writer knows, 
are those made by Anton Reiche, wlio are the sole makers 
of Plattinol, a sjxjcial compound metal that takes a very 
fine polish and that, unlike tin-plate, is not a surfaced metal. 
The gloss obtained*oii the chocolate is superb, and the moulds 
are more solidly constructed and lasting in use than those 
made of tin. The cost of “ Plattinol ” moulds is approxi- 



Fkj. 20. — Noi«eie88 Shaking Table. (See p. 245.) 

By p€rmit»um of Meurru. Bramigk dr Co,, London. 

mately 30 j>er cent, higher than tinned moulds (at the 
present time), but the excellence of the result and the 
longer life make the higher price of no account. 

The agents for Anton Reiche in Great Britain and the 
colonies are Messrs. Bramigk & Co., 92, Penchurch Street, 
London, E.C. 3. 

The Tapping Table or Shaker* 

The chocolate-filled moulds are then placed on the 
tapping table (Fig. 20), an apparatus which, by means of a 
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roughly toothed wheel placed beneath the table-surface, is 
given a rapid and violent vibrating movement, and conse- 
quently, the moulds, placed thereon, suffer the same treat- 
ment. The effect of this is to cause the chocolate to run into 
every corner of the mould, completely tillin^^ it, and, by coming 
into close contact with the polished metal, the chocolate is 
given a high polish when cold. Any bubbles which may be 
retained in the paste art^ brought to the top and burst, but 
they may be remov(Kl by a knife, or by breaking them with 
the tip of the finger, if tla^ vibration is insufficient to cause 
tluan to burst of th(‘ir own accord. 

The noise, created by the bumping of the table-top and 
of the moulds u})on it, is very c-onsidca-abk', and, where many 
tapf)ing tables are at work, it becomes dc^aiening. There are 
now, fortunately, on the market nois(d(‘ss ta])i)ing tables 
which reduce tlie greater part of this iiiconvenience with the 
exception of the noise caused by the moulds themselves. 
The clattering of the moulds (*annot be obviated, as it is 
necessary to jar them continuously and violently, a result 
which could not be obtained if a felt or other sihaicer were 
placed u))on the table. 

Tlie tables are adjusted so as to administer anything 
from a very heavy shaking down to the merest vibration, so 
that all sizes of moulds, containing the thickest to the thin- 
nest tablets of chocolate, fiom hard, dry paste to the most 
liquid, can be efficiently shaken into the moulds and freed 
from bubbles. 

The average dimensions of a tapping table are 3 feet long, 
2 feet wide, and 3 feet high, but batteries of tapping tables 
are now made, which greatly facilitate the work. 

Batteries of any required length can be obtained from 
Messrs. Josepli Baker, Sons and Perkins, Ltd., or from 
Messrs. Bramigk & Co., both of whom have also specialised 
in continuous mould-filling, tapping and cooling plants, 
described later. The moulds are carried over the tapping 
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tables by cross-bars connected to chains, and the tables can 
be covered in, if desired. Each table can be separately 
regulated, so that the exact amount of ta]1ping, necessary to 
settle the chocolate into the moulds and to remove the air 
bubbles, can be secured. As the tables aie perfectly level 
and the tapping is evenly distributed, the chocolate paste 
settles into the moulds evenly also, with the result that 
tablets always of the same thickness are assured. The 
importance of this to the manufacturer who uses automatic 
wrapping machines, and to those interested in the perfection 
of their product, will at once be recognised. The speed, too, 
at which the moulds travel over the tables can be regulaf ed 
by a set of change wheels, supplied with tlie tables, so that all 
classes of chocolate pastes can be satisfactorily dealt with. 

All the larger tablets of choc.olates, such as bars, cro- 
quettes, neapolitans, etc., can be moulded in th(‘ metliod 
described, the smaller chocolate drops, shells, and other 
small fancy shapes requiring a special system of moulding, 
to increase the rate of ])roduction. 

The moulds for the larger sizes of chocolate tablets are 
made of heavy, specially tinned and polished metal, or of 
white metal and other alloys, and contain from two to 
twenty-four impressions, according to the size of the tablet 
required, whilst- the chocolate-drop moulds, or designs of 
similar size, are stamped out in light tin of much larger 
dimensions than the heavier moulds, containing as many as 
twelve dozen impressions. 

Drop Press Machine. 

Small mouldings, and even neapolitans and croquettes, 
are, with advantage, made on the drop press, which mainly 
consists of a square vessel into which fits a plunger, 
worked by a screw with a turning wheel attached. The 
bottom of the vespel is fitted with a removable per- 
forated bottom, the positichi of the holes corresponding 
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to the iiripreHsioris of the mould which is slipped in 
underneath. After the chocolate, warmed to the correct 
temperature, has* been placed into the receptacle, the 
])lunger is lowered by the turning wheel, and, wheil gentle 
])ressure is felt on the chocolate mass, a small quantity of the 
j)asie is forced through the perforations of the bottom into 
the corres))onding iin])ressions of the mould. 

The surplus chocolate is removed from the mould-plate 
by a scraper, and the chocolate-filled moulds are then placed 
on the tap})ing table. In this way, a very large number of 
moulds can be filled in a short time and at a much greater 
speed than by hand-filling. 

By so arranging the drop press, the chocolaie can be made 
to de])Osit, on plain sheets of tin, in drops of any size and can 
be caused to assume a symmetrical, thin and flattened shape 
by placing the sheet, on the tap))ing table. 

The drops can be (‘overed, if desired, with coloured sugar 
or “ hundreds and thousands ” before being placed in the 
cooling chamber. The modern power-driven “ Drop Press ” 
is a great improvement on the hand-machine. Particulars 
of t he latest ])ress, made by Messrs. Lehmann, can be obtained 
from Messrs. Bramigk & Co. 

Chocolate Coolers. 

When th(^ moulds have been filled and tapped, they 
should be cooled down, so as to harden the chocolate for 
knocking-out . It lias been shown by experience that the 
texture and aj)])earance of moulded chocolate are improved 
by rapid cooling — facts which are probably due to the for- 
mation of small crystals of cacao butter when rapidly cooled, 
whereas slow cooling would jiroduce larger and coarser 
crystalline form^ion. On the other hand, there are greater 
dangers in too-rajud cooling, if the utmost care is not taken 
to prevent the condensation of moisture, which will occur 
if the cold tablets are taken into a warmer and moister room 
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immediately from the cooling chamber. The deposition of 
moisture may also take place in the cold room itself, if the 
air is not kept dry by keeping the chambeV closed as much as 
possible. 

It is true thatihe majority of firms make use of artificially 
cooled rooms or chcists in which the temperature is not 
allowed to rise above zero, mainly for the purpose of accelerat- 
ing the cooling process, but better, safer and more consistent ’ 
results will be obtained if a room, kei)t constantly at a low 
temperature, of say 8° C., is employed for cooling down the 
chocolate. In winter months, this should not be difficult to 
obtain, but, in the warmer summer days, artificial cooling 
would have to be resorted to, unless the room were situated 
well below the level of the ground. 

There are many systems for producing low temperatures 
artificially, and tliey are all based upon the principle of 
absorption of heat when a volatile liquid, such as an easily 
compressible gas in condensed form, is allowed to expand to 
the gaseous state. Tlie cold, so created, may be allowed to 
act directly upon the cooling chamber, or to be imparted 
to solutions of salts, such as of calcium chloride, which, 
flowing through pipes in and around the chamber, quickly 
lower the tem])erature. Liquid ammonia, carbonic acid, and 
sulphurous acid are chiefly used for producing the cold, and, 
by a system of alternate expansion and compression, the 
volatile liquids are reduced first to the gaseous state and then 
back to the liquid form, the result of the first process being 
allowed to react in the neighbourhood of the cooling chamber, 
or upon the brine solution, without loss or escape of the 
gases. 

For large (tooling chambers, the brine and aiumonia 
system is most economical. The brine may either circulate 
in pipes around the chamber, or be in turn deprived of its 
chill by a strong draught of air blowing through it, as it falls 
over the cold ammonia pipes. 
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In smaller factories, where the cooling requirements are 
not so great, the carbonic or sulphurous acid system, coupled 
with circulating brfne, will be found to be the most service- 
able and efficient and to occupy only a small space. 

The drying of tlie cold air acts as a safeguard against 
condensation of moisture on the surface of the chocolate, 
though the same danger by removing the cold, full moulds 
to a warmer, moister room will still be incurred. To obviate 
this, it is desirable to bring the temperature of the moulds 
slowly up to that of the factory, either by passing them on a 
slow travelling band through chambers of steadily increasing 
temperature, or by i)lacing them in a room at a temperature 
between that of the cold room and that of the factory for 
a short time prior to knocking the cliocolate from tlu^ 
moulds. 

Wla^n the cliocolatr^ and moulds have attained the normal 
temperature of the factory, the moulds should be slightly 
bent backwards or gently ta))ped to remove th(i contents, 
which may then be packed in tin-foil and wrapper, ready for 
the market. 

The moulds should never be struck hard to removt^ the 
cliocolate, and, if moulded at. the correct temperat ure, there 
will be no need, for the tablets will fall out without tapping. 

If too high a temperature has been employed during 
moulding, the chocolate will stick tight to the mould, and 
the surface will be sjiotted with dull patches ; if moulded too 
cold, the surface will be whitish and marbled. 

During cooling, the chocolate contracts and generates 
frictional electricity, which has been attributed to the 
rubbing of the particles of chocolate on the metallic surface of 
the mould containing it. A certain Mr. Sanders, a chocolate 
maker, observed 4his and found that, by continually heating 
and cooling the chocolate, the power of generation of electri- 
city gradually disappeared, but that it could be restored by 
addition of a smaU quantity of olive oil. 
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Continuous Moulding, Tapping, and Cooling 
Installation. 

Seeing that iiioulding o})erations take so much labour, it 
is not remarkable that engineering ingenuity has been 
directed towards the develoj)ment of a continuous automatic 
plant, to increase the output and to reduce the wage bill. 
With the exception of temperatun^ control, all the processes ‘ 
of moulding and tapping are mechanical, and the develoi)ment 
of efficient machinery to carry out the work is all that is 
required. 

In applying a mecha.ni(uil system to a technical process, 
sufficient latitude must be allowed to (enable the machine to 
handle, with equal efficiiuuw, any variation in the materials. 

In the developnaait of tlie (*h()(rolate moulding ma<*hines this 
has beeti the greatest difficulty. It is easy enough to design 
a machine that will handle either hard, doughy ])aHtes or soft, 
liquid pastes individually, but. to const)uct a machine that 
will correctly weigh, to a grain or two, eit her of these pastes, 
at the will of the operator, is much more difficult to 
accomplish. 

One machine of this kind, manufactured by Messrs. 8avy, 
Jeanjean et Cie., of Paris, has been described in Fritsch’s 
book “ Fabrication du Chocolat,” 1910, and others by 
Messrs. Jose])!) Baker, Sons and Perkins, Ltd., and Messrs. 
Lehmann, were in existence at that time. In recent years, 
however, a very great improvement has been made in the 
continuous automatic mould-filling plant, and, with high 
price of labour and with the greatly increased output from 
these modern machines, no large chocolate factory can well 
afford to be without at least one of these economical systems. 

The author has seen the system of Messrs. Joseph Baker, 
Sons and Perkins, Ltd., at work, and, from his own experience 
can speak of the excellence of the arrangement and of the 
finish of the goods obtained. 
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The mould-filling machine (Pig. 21) consists of a water- 
jacketed hopper, for maintaining the chocolate at the correct 
temperature for moulding, and is furnished with mixing 





Flu. 21. — Patent Mould-filling Maehine, eombined with Improved Continuous Tapping 
Table. (See p. 262.) 

Hy pmrmMon of Mfgmrt. Jotfph Baker, Sana and Perkina, Lid. 

blades >\^hich keep the chocolate in motion and of even 
consistency. A p«r of adjustable rollers, fixed to the bottom 
of the hopper, feed the chocolate into the measuring cylinders 
which are so constructed as to be able to fill any mould with 
the exact amount of chocolate paste, soft or hard, that may 
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be required. There is a cut-off arrangement which leaves 
no tails/ and the machine is adjustable for different 
weights and can be regulated whilst running. 

According to the consistency of the paste, the machines 
can be run at varying speeds ; with stiff chocolate, some 
fifteen strokes to the minute, and with lighter pastes, some 
twenty-five strokes per minute will be found suitable. This 
means that from 60 to 100 moulds per minute can be filled, 
according to the size of the tablets and to the nature of the 
chocolate. 

The machine is made to take a tray of moulds about 
17 J inches wide, outside measurement, and, when working on 
large tablets lb.), will deposit some nine tons of chocolate 
per day. Any size tablets, neapolitans, (*roquettes, etc., can 
be deposited by this machine, and, of course, the output will 
vary according to the size of tablet to be moulded, but the 
standard machine is made for a maximum deposit of 
2 to 21 lbs. of chocolate per stroke. One operator to feed the 
machine is all that is required, the remainder of the operation 
being automatic. The moulds, after passing beneath the 
depositor, are conveyed on to the tapping tables, over the 
whole series of which they pass, whilst the chocolate is settled 
down rapidly and evenly into the moulds. The tapping 
tables can be adjusted by means of a hand-wheel to fit any 
required degree of tapping at any point, and the vibration, 
caused, is more rapid than on the ordinary tables, as this 
motion has been found to be more effective. For liquid 
chocolate, seven, for average work, nine, and for very stiff 
chocolate, twelve tables in series are recommended. A 
further improvement is to provide the tables with dust-proof 
covers with heavy plate-glass tops which, besides improving 
the appearance of the moulding room and safeguarding the 
chocolate against dust, greatly minimise the noise of the 
tapping tables. 

An operator empties the moulds from the trays on to the 
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travelling cooler band, whilst the trays are placed on a 
conveyer band which takes them back to the operator at the 
moulding machine. The cooler is an • insulated wooden 
chamber, maintained at a low temperature by air, drawn over 
brine or direct expansion coils, the principle of counter 
currents by which the coldest air meets the coolest chocolate 
being usually employed. Thermometers are htted at the 
entrance and exit of the cooling chamber, so that the 
temperature can be observed and controlled. Drains carry 
away the condensed moisture. 

A further refinement of the system is the attachment at 
the end of the cooler (Fig. 22), where the moulds are trans- 
ferred to a cross-transfer web which, in turn, delivers them to 
the de-moulding travelling band running parallel to the cooler. 
The moulds are taken from the de- moulding web by girls who 
knock out the chocolate tablets, placing the chocolate on one 
web that runs to the packing room and the emptied moulds 
on to another web immediately above the de-moulding band, 
running back to the moulding machine. The empty moulds 
pass through a lieal ing s^^stem on their return journey and are 
niady for refilling as soon as they arrive at their destination, 
which is a 1 able ({uite close to the moulding machine at the 
same spot to whiidi t he wooden trays are returned from the 
end of the tapping tables. In this way, labour, space and 
refrigeration costs are greatly reduced, and the absolute 
accuracy and uniformity of the working of the machine 
enable an immense saving to be made. 

Chocolate-Weighing and Moulding Machine. 

(Messrs. Lehmann, Dresden.) 

The machine, illustrated (Fig. 23), is made by Messrs. 
Lehmann and has been designed to deal with chocolate 
pastes of the soft and liquid variety, as well as those of stiff 
chocolate and nut chocolate. Chocolate cakes, from about 
IJozs. to 9ozs. weight, can be deposited by this machine, which 
is constructed to deliver, automatically, the paste into each 
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The machine consists of a hopper, jacketed and fitted 
with the necessary pipes and connections for steam-heating 
and water-cooling, so that the correct moulding temperature 
can easily be maintained. The hopper is also fitted with 
stirrers and theiy:nometers. The chocolate is discharged 
through an outlet at the bottom of the hopper, and several 
nozzles, for moulds of various widths, are supplied with the 
machine. If the machine is to be used for nut or almond 
chocolate containing whole nuts, a si)ecial stirrer and nozzle 
are necessary ; otherwise no alteration to the machine is 
required. 

Wrapping. 

The })urpose of wrapping is twofold : to protect the 
chocolat e from atmospheric moisture and oxidation and from 
sunlight, and to make an attractive package. 

So far as the first is concerned, chocolate deteriorates 
rapidly on exposure to damp and light, the worst possible 
conditions being those obtaining in a shop-window lighted by 
gas, especially in winter time. The first effect of moisture 
is to dull the surface of the chocolate and, later, to cause 
small drops of moisture to a])pear. The drops of water are 
absorbed by the finely divided sugar 'which is dissolved, and, 
even if the water is subsequently evaporated off, the appear- 
ance of the (diocolate remains unsightly and has all the 
appearance of stale stock. Sunlight and warmth have the 
effect, first, of melting the surface of the chocolate and, later, 
after the chocolate has set again, of l urning the surface white, 
dull and streaky, due to the partial separation of fat and 
sugar, both light-coloured materials, from the darker cacao 
matter. How far oxidation is responsible for the deteriora- 
tion of chocolate in sunlight and warmth it is not easy to say, 
yet it has been sho^vn that chocolate wrapped in “ silver 
paper “ or foil, which is practically air-tight, is less liable 
to these changes. It is certain that foil-wrapped chocolate 
is less affected by damp atmosphere ; indeed, well-wrapped 
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chocolate is entirely resistant to damp, though the adverse 
conditions of heat, often accompanying dampness, seem 
to cause some deterioration, especially if applied con- 
tinuously, or intermittently, over long periods of time. It 
may, therefore, be asserted that wTapping chocolate in 
“ silver ])aper ” or foil is beaieticial to the producer and to 
tlie consumer ; to the latter, also, because the chocolate is 
maiidained in more liygienic condition. 

During the war, many substitutes for “ silver paper ” were 
tried, waxed ])a])er and other moisture-resisting papers, but, 
from examination of llie chocolate wra])ped in these materials, 
it is certain that tliey were less effective in keeping the choco- 
late in good condition than tin foil. Before the war, ahinii- 
niuni foil was very ])0])ulaT, not: only because it was slightly 
clamper than “ silver j)aper,” so far as its covering capacity 
Avas concerned, but owing to tlu^ (^ase with which it could be 
embossed or print, ed with fancy designs and colours. In 
ai)pearance, it made a very attractive wra])])ing, but, owing 
to the fact that it was full of minute holes, aluminium foil 
was far less effective than “ silver papcu’ ” in ke(‘ping the 
chocolate in good condition. As both “ silver pa})er ” and 
aluminium foil are sold by tlie pound weight, the latter being 
very much lighter than the former though higher in price, a 
j)ound of aluminium foil contains very many more sheets 
than does a pound of “ silver paper ” which, though cheaper 
by weight, has less covering capacity. It becomes, then, a 
matter for the manufacturer to decide which foil to adopt 
from the economic, point of view, though, as has been 
indicated, there is no doubt Avhich is the more efficient. 

From the point of vieAV of the consumer, Avho often 
imagines that wra})ping is a means of enabling the manufac- 
turer to sell pag^r at the price of chocolate, it should be 
emphasised that the matter has been discussed on many 
occasions. Whilst, weight for Aveight, tinsel or foil is more 
expensiA^e than chocolate, some retailers have expressed the 
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opinion that their customers would prefer to receive the 
extra chocolate for their money. Others rightly liold that 
the wrapping preserves the chocolate from contamination in 
handling and creates a, s])ecial demand for cJiocolate attrac- 
tively wrapped ayd protected. Again, some tablets ar<^ so 
thin that they break very easily, with the result that, it they 
were not wrapped, loose, broken chocolate would have to be 
sold. 

The selection of the wra])})ing matcu'ial is important, not 
only for those leasons already mernioned, but also because 
chocolate readily takes up odours, pleasant and othei’wise, 
from outside sourcc^s or materials with whicli it conies in 
contact. Air-tight wra])i)ing thus prevents contamination 
by outside odours and,aJso, ])reserv(‘s tla^ naturally delicate 
aroma, of the chocolate. On the otlna* hand, (tirelessly 
selected wrapjiers, smelling of substanc(-)s used in their 
pretiaration, are worsen than no wrapping at all, since the 
chocolate, so wra])[)(‘d, would tast(^ of the ])aper. The same 
remarks apjily to cardboard and wood containers, whicli 
readily impart to the ('hocolatii their own characterist ic t aste 
or smell. There is so much chocolate, spoiled in this way, on 
the market , at tlu' present time, that, the emjihasis which has 
been laid here upon the nature of the wrapping must not be 
considered to be misjilaced. 

In America, in 1910, the Board of Food and Drugs Inspec- 
tion collected information on the subject of protecting choco- 
lates and other confections with a coating of shellac or other 
gums. This coating was applied for the same purposes as 
wrapping in foil — to protect the chocolate against damp and 
the subse(iuent unsightliness. The Board came to the 
decision that it was an undesirable practice, on the ground 
that it was detrimental to the consumer, but it is a significant 
fact that, in recommending the discontinuance of Die practice 
of dipping the chocolates in gum or weak alcoholic solutions, 
the Board advised confectioners against the exposure of 

17—3 
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chocolates and other sweets in their shop windows for any 
lengthy period. 

It is not intended to give an account of wrapping 
machines for covering finished chocolates with paper and foil. 
Such machines can now be obtained in any country, though 
America has specialised particularly in this branch of 
engineering. 


‘‘ BLOOM.” 

Thr l)looin ” that apijL*ars on chocolates, usually after they have been 
ke])t for 80iu<‘ time, is similar in appearance to that of the ” bloom ” on 
grapes - a soft bluish- white efflorescence showing on the surface of the 
chocolate. The occurrence of this “ bloom ” has been attributed to various 
causes to the fat, sugar, nature of the covering-chocolate used, and to 
the conditions under which the chocolates have been kept. We have 
considered this matter very closely, and we have not been able to find any 
make of chocolate which is not subject to this defect under conditions of 
fluctuating temi)erature 8 . Firstly, it occurs on bitter chocolate or cacao 
mass, hence the sugar theory may be dismissed, and it will occur on most 
chocolates allowed to cool very slowly at normal room tem|>eratures. It 
occurs mor<‘ often on very fatty chocolates, and, hence, is liable to be found 
most commonly on chocolate-covered goods, such as chocolate biscuits, 
fancy chocolates, etc. Secondly, stale stock of either of these kinds will 
often exhibit “ bloom,” and microscopical examination shows that it is 
due to minute crystals of fat. The occuiTence of ” bloom ” is, then, 
more easily understood if it is aj)preciated that it arises on the surface of 
chocolates which have undergone fluctuations of temperature above and 
below the melting-j)oint of the fat. It is true that dampness encourages 
” bloom ” and that foil-wrapped goods show less “ bloom ” than the 
unwrapped article, but we have been unable to secure exactly the same 
ap[)eArance as ” bloom ” by submitting chocolates to damp air for even 
long j)eTiod 8 , and there is every reason to believe that close contact of the 
foil with the chocolate would, to a large extent, prevent the formation of 
crystals of fat, at any rate, from standing out from the surface and giving 
the characteristic api)earance which is known in the trade as “ bloom.” 

” Bloom ” ciin bi‘ avoided in the factory by quickly cooling the goods 
as soon, as covered, and by not allowing the chocolate-covered articles to 
stand about in a wa^j room *0000 they have been set. The stock-room 
should be kept at a uniform medium temperature, well below the melting- 
point of the fat, and, if 8 hopkeej)er 8 paid the same attention to the keeping 
of their own stock, there would be less trouble arising between manufac- 
turer and retailer owing to the deterioration of chocolate due to this cause. 
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ANALYSES OF PLAIN EATINO-CHOOOLATES AND 
CHOCOLATE POWDERS 

Plain chocolates, the })reparation of which has been 
described in the foregoing chapters, should consist only of 
roasted and shelled cacao beans, sugar, small quantities of 
flavouring matters and added cacao butter. 

Booth has fre(piently pointed out the need for a definition 
of chocolate in England and has strongly advocated that the 
addition of starch and fats, other than those naturally pre- 
sent in the cacao bean, and of shell ])Owder, should be 
absolutely excluded from any article which is to be sold 
under the name of “ Chocolate.” 

The limit of 65 ])er cent,, of sugar has also been suggested, 
but, at ])resent, there is no legal standard for chocolate. The 
analyses of several well-known brands are, perhaps, the best 
guides as to what chocolate should be. 

The quality of a chocolate does not, however, entirely 
depend upon its chemical composition, but largely, also, upon 
the nature of the bean used and the processes adopted, during 
manufacture. The degree of fineness, to which the chocolate 
has been ground, is of considerable importance at the present 
time, since there is, in Europe at any rate, the demand for a 
pleasant smoothness of consistency. 

On the other hand, were it not for the careful attention 
given to chemical analysis, the public might still be suffering 
in the same way as in the days of Hassall, though it would 
seem that there is the greater need for definite legislation on 
the subject now, as the methods of adulteration are far more 
subtle than in Hassall’s time. 
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In reading Hassall in “ Food and its Adulteration,” 
published in 1876, one cannot fail to be struck by the amazing 
frauds tliat existed at that time, if all he writes be correct, 
and of the remarkable improvements in the nature of our 
foodstuffs made in the last forty-five In quoting 

from the work of Normandy, he says : “ Unfortunately, 
however, many of the ))repa, rations of the co(*oanut (cacao 
bean), sold under the names of chocolate, of cocoa flakes and 
of chocolate ])owder, consist of a most disgusting mixt ure of 
bad or musty ('Ocoanut s, with their sliells, coarse sugar of the 
very lowest: (piality, ground with ])otato starch, old sea- 
biscuits, coarse branny Hour, animal fat (generally tallow or 
(^ven greeves). 1 have known cocoa powder made of potato 
st-arcli moistened with a. decoction of cocoanut: shells and 
sweetened with t.reacle ; ('hocolate made of the same 
materials with the addition of tallow and of oclire. I have 
also met with chocolate in which brickdust or red ochre had 
been introdiunal to the extent, of 12 per cent. ; another 
sample contained 22 ])er cent , of peroxide of iron, the rest 
being star(*h, cocoanuts with their shells and tallow.” 

” Messrs. Jules (larnier and Harel assert, that (dnnabar 
and red lead have been found in certain samples of chocolate, 
and that s(^rious accidents have been caused by that 
diabolical adulteration.” 

Hassall, himself, from the examination of twelve samples, 
found added starch in eight of them, ranging from 10 per 
cent, of sago starch to 80 i)er cent, of wheat flour, besides a 
large proportion of sugar. He says : ” Besides the above 
ingredients, several of the chocolates contained coloured 
ferruginous earths,” and admits that, as chocolate is a com- 
])ound article, there can be no valid objection to the inclusion 
of sugar and starch, provided that the composition is 
acknowledged, the main points to be considered being the 
price of the article and the proportions and quality of the 
ingredients of which it is composed. 
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It is safe to say that, in these days, with the exception of 
chocolate powders and the very clieapest eating-chocolates, 
and, occasionally, covering-chocolates, eveti the admixture of 
starch is unknown, whilst animal fats and added mineral 
matters are nevey met with as adulterants. 

Shell powder or husk is a fairly common adulterant still, 
and cacao butter substitutes may be freciuentl}' found in 
chocolates, though it is seldom (hat the latter are employed 
unless it is recpiired to harden, as well as to cheapen, the 
material. 

The majority of books, (pioting the adult erants of cocoa 
and chocolat e, st ill iiK'lude, bedsides sugar and starch, Venetian 
red, cinnabar, brickdust and })eroxide of iron, oil of almonds, 
coconut, fat, beef and mutton fat. With the severe compe- 
tition among chocolate manufacturers of the ])resent. day, it 
would be madness to make use of the mineral matters, 
enumerated, foi' colouring ])urposes or loading, as their 
])resence, if detected, would condemn for ever the ))roducts 
of the factory from which such chocolate emanated. The 
author knows, howevta*, of cases in which lamp black has 
been used in order to obtain dark chocolate, in demand in 
certain markets. 

Oil of almonds wotild not be added as an adulterant, 
firstly, because of its high price, secondly, because of its low 
solidifying-point., and, thirdly, because, in the best French 
and some English chocolates, a small quantity of powdered 
almonds or hazel nuts is included to produce characteristic 
flavour, and their presence cannot, in any way, be looked 
upon as adulteration, if small quantities of harmless 
flavouring matter are permissible in chocolate. 

Coconut fat may possibly be found in some chocolates, 
and it is probable that its inclusion will become more' general, 
if the increasing market value of cacao butter continues. 
In ilself, coconut fat is harmless and pleasant, but, in 
chocolate, it is undoubtedly an adulterant. The melting- 



264 


COCOA AND CHOCOLATE 


point of coconut fat is somewhat lower than cacao 
butter, and it does not possess the same body. It would, 
therefore, be included for no other purpose than 
chea])ening the chocolate, as it would not impart hardening 
qualities. „ ^ 

Beef and mutton fat are not likely to be found in choco- 
late, as the combination of animal fats and cacao butter do 
not keej) well, and, after the chocolate containing either of 
these animal fats has remained in stock for a short time, it 
will acquire a tallowy taste whicdi will predominate over 
the aromatic flavour of the cacao. 

It is, however, desirable to be i>repared- to meet with any 
possible adulterant, and the methods of detection of any 
added matter found in chocolate, to date, will be discussed 
in the tliird i)art of the book. 

In the (piarter ending December, 1908, the Borough 
Analystr to the Southamj)ton Town Council examined seven 
samples of chocolate and, in his rerriarks on same, said that 
this article was a mixture of cocoa with starch, sugar, and 
other materials, varying in ])rice from at least 9>s, to 8d, 
•per pound retail, the differen(*.e in price depending upon the 
quality and relative })roportions of the materials. The 
samples received were all of the cheapest quality, retailed 
to the poorer classes at two ounces a penny. Their consti- 
tuents Avere cocoa, sugar, Avheat-starch, coconut in two cases, 
and, in four cases, condensed milk had been used. They 
were all free from oxide of iron w^hich was sometimes used 
to deepen the colour in the cheaper kinds. One of the 
samples of milk chocolate w^as distinctly rancid, owing to 
slight decomposition of the constituents, and would be 
liable to produce disturbance of the digestive organs, if par- 
taken of freely, "^ith that exception, they were all good 
value for money and healthy heat-giving foods. 

Booth t made a careful study of the analysis of 

* N. P. Booth, Thf Analyst, 1909, xxxiv., 145. 
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chocolates, and, as the results, obtained, are interesting and 
valuable, a few of them are here included : — 


Table XL. — Analyses of some Plain Cluacolates, 


■ 

1 

II. 

i 

111. 

IV. 

' 1 

VI. 

Average of 
twenty- 
four 

samples. 

Fat 

. 34 no 

33ft0 

25 «0 

2210 

2810 i 

23-70 

27 •4(' 

Sucrose . 

. 4fi00 

50 50 

5300 

5400 

' 52 20 i 

54-00 

53 40 

Nitrof^en 

0 8ft 

0-81 

0-8« 

0 92 

1 14 1 

105 

0 93 

Mineral matter 

1 45 

105 i 

1 41 

1 -22 

1 -50 ! 

1-48 

1 32 

Cold-water extract 

5()(>0 

54 80 i 

5ft 90 

58 To 

' 58-20 ; 

58-90 

50-80 



, 

^ ' 




- 

. 


These figures show, merely, the fluctuation in the com- 
position of chocolate, due to the i)resence of different (juan- 
tities of added sugar and cacao butter, and are ty[)ical of 
the majority of better-class chocolates on the market. 

The same author has, however, analysed several adul- 
terated chocolates, with the following results : — 


Table XLI. — Analyses of some Adulterated Plain 
Chocolates, 




•u. 

III. 

IV. V. 

1 

VI. 

VII. 

VIII. 

Moisture 

1-80 

0 80 

MO 

1 20 ; 3 03 

1 20 

3-80 

3-60 

Mineral matter 

1-04 

l-Ol 

I 03 

1 96 1 2-13 

0 85 

0-88 

1 06 

Fat . 

25-90 

23-00 

23 30 

30-70 32-93 

29-80 

27-20 

24 35 

Sucrose 

48-00 

5«-(K> 

56 -(K) 

44-(K) 1 46-00 

47-00 

40-00 

— 

Foreign starch 

15-00 

8-00 

7-50 

20-00 ! Nil. 

1000 

20 ()0 

' — . 

Character of starch 

Fa t - f r ee ('ocoa 

Arrtjw- 

r(K>t 

Wheat 

Wheat 

MaiKc — 

f 

Arrow- 
1 root 

Am>w- 

rfK)t 

Sago 

matter . . 1 

Fibre (calculated 1 
on fat -free cocoa } 

10-00 

12 00 

12-20 

8-30 1 20-60 : 

, 1 
i 

1 12-00 

1 

8-40 


matter) . . i 

1 

8-70 

10-(K> 

980 

1 

16-60 i 4-50 

1 1 

8-60 

10-00 

8-80 


The high percentage of mineral matter in sample IV. is 
attributed to the addition of red ochre, and the 32-93 per 
cent, fat, found in V., consisted mainly of foreign fat. 
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It is impossible to fly in the face of these recorded 
figures and to say that all chocolates are free from adultera- 
tion of added mirferal matter and foreign fats, but it is our 
experience that the majority of chocolates on the market 
are remarkably j)ure, ^vith tlie exception »f occasional addi- 
tion of starch and cacao butter subsiitutes, which are usually 
of vegetable origin, and of llie car(‘less oi* intentional inclu- 
sion of cacao husk oi* shell ])ow(ler. 

Those chocolaies with under 25 ])er cent, of fai. were 
])robably of the dry variety, as the large pro])ortion of sugar 
])resent, amounting to over 55 ])('r cent, of the chocolate, 
would have the tenden(‘y to dry u]) the (existing fat and 
render them more suitable for the preparation of cliocolate 
powders or for use as a bev<u‘age. 

Chocolates containing GO per c(ait. of sugar would be 
incapable of b(ang moulded without further addition of 
cacao butter. 

(hhiin * has divided his analyses under the headings of 
(jerman, French and Spanish chocolates, and his results are 
collect(‘d in Table XLIL 


Table XL 11. — Analyses of some Plain Chocolates, 



fJonnan. 

French. 

Spanish. 

Momtnn' 

1 88— 2 50 

0 98— 1-28 

1 20— 1-60 

Fat , . , . 

22 •60—28 65 

21-40— 2:1-80 

20 60—26-60 

Nitrt)>?on()us matter 

6 81— 8 18 

4-67— 4-99 

6-46— 8-67 

ThiH)hr(»nutje 


1-2C— 1 4.1 

1-82— 2-64 

Siurose 

;i7 80— 66-:U 

60 -:i4— 59-07 

41-40--54 0 

Starch . 

4 >44- ~ 0 49 i 

0-97— 1-83 

1 33— 1 74 

C’elluloNe 

0-70— 2- 10 



AhIi 

1.44— 201 

1-75— 1-87 

2-43— 3-23 


Prom these figures, it would appear that the French 
favour the driest^^and sweetest chocolate, the Germans pre- 
ferring those more fatty. It is a pity that no figures are 
given for cellulose in the Spanish chocolates, as the high 

• M. V. (Vnin. JCnryc. Chxmique, x., 4604 . 
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percentage of ash, therein, would indicate that there is a 
larger percentage of husk, included in them, than in the 
others. As the figures stand, and without the cellulose 
values, the high ash-content may be due to some treatment 
of the beans with* alkali, or some other minernl or mineral- 
containing matter, for pur])oses of improving the flavour of 
tlie chocolate. 

Smooth fatty chocolates, called in France “ chocolats * 
fondants,” have taken the \>opu\ar fancy very considerably 
in the last few yinirs. This may be due to tht^ pop\darity 
enjoyed by milk chocolat(‘s, which are smooth to the 
palate. 

There is no se(‘r(d in the com])()sition of liaise chocolates, 
which owe their character (‘ntirely to tlu^ method of manu- 
facture and toihe extia ([uantity of cacao butter that they 
contain. The inethod for tluar manufact ure is d(‘scribed in 
the next cViapter. 

Another im])ort.ant feature of the chocolates of the 
smooth, fatty variety is th(‘ extreme fineness to which they 
are ground, a condition which is only reached by continual 
working in a “ melangeur ” or ” conclie ” machine and by 
frequent I’etining. 

An analysis of “ Meltis,” manufactured by Messrs. Peek, 
Frean & Co., Ltd., which has been taken as tyi>ical of a 
high-class chocolate of this variety, is given : — 


A nalysis of “ Meltis 

-a “ Chocolat Fondant.” 

Moisture 

. . 1-04 j)er cent. 

Sugar . 

. 52-50 

Cacao butter 

. 28-50 

Nitrogen 

0-80 

Ash 

. 1-GO „ • 

Added starch 

. Nil 

Cacao husk . 

. Nil 


The cacao butter was found to be the natural fat of 
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cacao, free from all substitutes. Under the microscope, 
the sugar was seen to be in an extremely fine state of 
division, and the mass was entirely free from husk or added 
starch. 

All good “ fondant chocolates sho^^; about the same 
analysis, the difference in the various flavours, consistencies, 
etc., being due to the blends of beans, used, and to the 
methods of preparation. 

Dubois, in a i)rivate communication to the author, has 
submitted some analyses of American chocolates, a few of 
which are shown in Table XLIIl. 


Table XLIIL — Analyses of some American Plain 
CJiocolates, 



I. 

n. 

nr. 

IV. 

1 V. 

i 

VI, 

VII. 

SuCTOWf 

r>7 (>0 

' (>405 

55 10 

55-95 

j 57-21 

41 -.30 

50-70 

Fat . 

25- lb 

21-28 

28-58 

23-40 

' 23-07 

35-75 

34-70 

Crude fibre 

1-28 

0-88 

0-89 

2-25 

M7 

1-49 


Anh . , , . 

Wttter-insoluiilc ash 

1 :tr> 

1 17 

1 27 
0-70 

1-78 

0-58 

1-75 

1-03 

2-15 

- 

Water-Noluble ash 

— 


0 57 

1 20 

0 72 



Aeid-innoluble af»h 




0-08 

0-2.3 

i 0 18 



Alkali-soluble anh 



0-50 

0-95 

1 0-55 



AlkaliduHoluble ash 





1-(K) 

1-00 

1-18 



MoiHture 

Reichert-Meisul value of 



0-15 

0-88 

0-88 

-- 

— 

fat .... 
Refractive index at 


-- 

0-42 

1 40 

1-99 

— 

— 

4(C C. of fat . 
Saixmifi(’ation value of 


- 

1 

1-4562 

1-4552 

-- 

-- 

fat . 

-- 

— , 

195-00 ! 

200-30 

213-00 



Iodine value of fat 
(Vude fibre on a.-f.-w.- 

— 


— j 

30 80 

20-10 

— 

— 

free basia 

— 



5-50 1 

1 1 -38 

0-41 



Ash on H.-f.-w.-free basis 
Water-insoluble ash on 


.... 

7-85 

1 

9-00 

9-59 

— 

- 

a -f.-w.-free Ijosis 
Water-soluble ash on 

— 


4.33 1 

2 93 

5 65 

— 


s.-f.-w.-free liasis 
Aeid-insoluble ash on 

*— 

I 

3-52 i 

1 

0-07 1 

394 


- 

B.-f.-w.-fre© basis 
Alkali-soluble ash on 

— 


0-49 ; 

1 10 

0-98 

— 

— 

8.-f.-w.**free basis 

— 



3-10 i 

4-78 

3-01 



AUcali-insofuble ash on 



1 




H.-f.-w.-free basis 


i 

“ 1 

0 20 j 

l_i 

5-06 

6-47 

— 

— 


Only VL and VII of these analyses are those of “ fon- 
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dant ** chocolates which, even at the time of the author’s 
visit to America, late in 1919, had not found great popu- 
larity on that continent. Further, it will Hoe observed, from 
the chemical and physical constants of the fat, that other 
fats, besides cacao butter, had been used occasionally. 

In a searching investigation of Wiley, published in his 
“ Tests of Foods and Beverages,” 1914, strong criticisms 
were passed on many American products. Without express- 
ing any opinion on the actual report, which is clearly that of 
a fanatic, the author is of the opinion that much good w^ould 
result to the public if similar tactics were adopted in this 
country. 

In the report below, the starred products were those 
marked and rated at 85 to 100, as representing liigli quality 
and full weight and measure, with accurate labelling and 
reasonably conservative claims. 

” iV ” indicated non-committal, rating between 76 and 
84, given to products subject to such criticism, “ in my judg- 
ment,” as incorrect labelling, slightly short-weight, relatively 
inferior quality, etc. 

** D ” indicated disapproved products, rated at 75 and 
less, which were, in a few instances only, actually harmful, 
but which were so classed because they were, ” in my 
opinion,” of low quality, were misbranded, or carried 
grossly exaggerated claims as to efficiency or nutritive value. 
Of this class, there are no examples of the specimens of cocoa 
and chocolate that Wiley examined. 

” Baker, Walter, S Co,, Dorchester, Mass. 

* Breakfast Cocoa. (Claim ‘ absolutely pure ’ untenable, 
as always.) 

Bensdorp, Amsterdam, Holland. (Bartlett, Stephen L’., Co.). 

N Royal Dutch Cocoa. (Good Dutch process cocoa, but 
presence of added mineral ingredients makes state- 
ment ‘ Is acknowledged by the leading authorities 
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to bo abHolutely pur(3 cocoa ’ especially objection- 
able.) 

BlookeA, Amsterdam and New York. 

Blookers’ Daaldera Cocoa. (Duicli process, per cent, 
alkali added, ])roporly labelkal, good quality.) 

Unifier s, New York. 

Cocoa, Huyler’s. (Mineral ingredients slightly high ; not 
added alkali, however.) 

Lownejf, W(d,ier il/. Company, Boston, Mass. 

Breakfast. Cocoa, ((food ([uality ; extravagant claims 
‘ Uidike any other ’ ; ‘Of special benefit to those of 
(h‘hcate digestion.’) 

MaiUard, Henry, '^^)th and 5f/i Avenue, New York. 

Maillard’s Breakfast Cocoa, (hixtravagant claims as 
to solubility, ‘ absolute ])urity ’ ; no cocoa is 
‘ thoroughly soluble.’) 

Maillard’s Premium Chodolatc^. 

Peter Cailler Kohler Swiss Chocolates Co., Fulton, N.Y. 

“ I^reakfast. Cocoa. (‘ Absolutely ])ure ’ claim extrava- 
gant.) 

Phillips, Charles H., Chemical Co., New York. 

N Philh})s Digestible Cocoa. (No right to the claim of 
S})ecial digestibility ; phos]>haties added, about 20 
])er cent, of sugar and vanilla — declared on label.) 

Stollwerck Brothers, Inc., New York. 

Gold Premium Brand Chocolate. 

Van Houten and Sons, Holland. 

N Van Houten ’s Famous Cocoa, unexcelled. (Greatly 
exaggerated claims as to improvement of the pro- 
. duct by the Dutch treatment with alkali.) 

Whitman, St^hen F., and Son, Philadelphia, Pa. 

Instantaneous Chocolate. (A sweet chocolate about half 
sugar, 24 per cent, fat ; should be so labelled.) 
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Yours l^uly Cornpauy, ChimyOf Illinois, 

* Yours Truly Breakfast Cocoa. (Not ‘ absolutely pure,’ 
nothing is.) 

N Yours Truly Pnaiiium Clu)(*olat(‘. (Sanii)les exaniined 
were coapKl with shellac ; no arsenic, otherwise good 
quality.).” 

Table XLIV. shows ligures, obtained in tlu* author’s 
laboratory, for a number* of well-known chocolates. It will 

Table XLIV. — Coni])osition of some W(dl‘knowu Brands 
of H(ird and “ Fondant ” Chocolates, 


Fry'h “ Vnu'llo ' 

P'n 's plain Imis 

Fry « “ ('aracaM ' 

C'Hcihury V “ ’ 

Cadbury H V'anilla 
('adl)ury s" B<iurn''ill<' burf> 
radbnry's ])lain bars . 
Cadbury h “ Fondona " bars 
Rownl roe's Eleet 
Kowntree's \(i. bars . 

Terry's Vanilla 
Terry's “ Dessort ' . 

Terry's “ Bitter Eating " 
Terry's Choeolat du ibiffet " 
Peek Frean's “ Meltis " 
Watfnnl *' Deleeta 
Watford Boisellier's jilain bars 
damieo Vanilla 
Payne's plain bars 
Cailler's plain bars 
Kohler's plain bars 
Caley's plain bars 
Mazawatt«* Plain 
Barker k Dobson's Plain . 
Murray's “ Nuveo ’ 

PascalVs “ Furzetlown " 
Lindt's Vanilla . 

Chocolat-e “ La Palme ” 
Needler’a Plain Block 
Neilaon’s Vanilla 
Choeolat de Paris 
Ro(“kwood’8 “ Oriental " 
FauMer's Plain . 


Mitlftturi'. 

Ash. 

Caiiu HU^ar. 

Fat. 

1 10 

1 30 

53 70 

32 30 

0K2 

1 00 

50 33 

25-00 

1 10 

1 20 

54 52 

33-50 

1 10 

1 -OO 

54 51 

31 42 

0 KO 

1 10 

54 70 

28-W) 

1 40 

1 20 

53 70 

31-00 

ItNI 

1 70 

54 70 

25 23 

1 00 

1 20 

52 33 

32-60 

I 20 

1 52 

55 HO 

28-40 

1 HO 

IHO 

54 51 

28-20 

1 10 

1 50 

52 10 

33 40 

1 12 

1 50 

51-88 

33 30 




1 32-60 

1 -70 

2 (M) 

45 1 1 

» 34 82 

1 20 

1 -50 

54-41 

33 80 

F04 

1 20 

52-50 

28 50 

1 -50 

100 

51-88 

32-90 

1 50 

1-40 

54-51 

32-50 

1 00 

1'52 

52 33 

29 30 

1 20 i 

L50 

54 fd 

29 30 

1 -30 

1-90 

45 10 

36 -(K) 

1 20 

1 40 

55-54 

30-<K» 

1 40 

100 

50-32 

33-fK> 

1*90 

1-40 

49-06 

29-80 

\ SO 

1 10 

55-21 

36 80 

1 40 

1 72 

48-65 

32-20 

1 40 

1-31 

56-88 

33-70 

0-80 

1-40 

49 26 

29-60 

1-60 

1-40 

44-26 

38-90 

090 

1-38 

52-10 

•35-60 

100 

1-20 

51-87 

32-80 

1-40 

1-40 

44 43 

39-(K> 

1 50 

1 4t> 

55-61 

26-20 

1 50 

I 40 

49-26 

29-60 




272 


COCOA AND CHOCOLATE 


be noticed that there are only very small differences in the 
sugar- and fat-content of the different classes of chocolate. 
Microscopical examination, however, reveals very great dif- 
ferences in the fineness of the sugar, and, again, it is desired 
to point out that the individuality of the„special chocolates 
depends u])on the quality of beans, used, and upon the 
method of manufacture. 

It has already been stated that, during the war, Britain 
became the dum[)ing ground for inferior chocolates. Many 
of the ])roducts were most objectionable to taste, to smell 
and to look at, yet they had a certain sale at the time. It 
is unfortunate that more full analyses were not conducted 
on the many samples that came for examination into our 
laboratory, but there were more important matters on hand. 
The few figures that follow in the next table, and the com- 
ments made, at the time, upon some of tliose chocolates, will 
show, to some extent, to vdiat the British public submitted 
in the way of chocolates during the chocolate-famine years 
of the war. The first chocolate is of American manufacture. 
Tlie second Dutch, and the third and worst British, and 
these are only t hree sele(^ted from a very large number of 
similar concoctions. 



1. 

II. 

III. 

Moisture [K*r font. ..... 

122 

0-86 

9-70 

Ash j)er cent. ...... 

0-76 

0-50 

2-06 

(^ano sugar per cent. ..... 

57 06 

60-00 

20-14 

(ilucoHO f»er cent. ..... 

— 



12-86 

Fat wr cent . ...... 

3:M3 

32-18 

37 74 

Crude fibre j^or cent. ..... 


[ 

5-54 

Butyro-rofractoineter value of fat at 40' V. . 

44-70 

1 45-00 

44-50 

Melting-point of fat in degrees C. . 

2600 

! 28-30 

29-00 


I. The flavour was most objectionable and could have 
been obtained oiily from the most inferior beans. The 
sugar particles, extracted with dry ether, showed large pieces 
r\)~ A size and appeared to be only slightly, if at 
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all, refined. The cacao mass was not fine and contained 
large quantities of husk. The fat was largely cacao butter 
substitute of low melting point. 

II. Most unpleasant to the palate, suggest ing cacao husk 
and flavouring matter. The sam})le melted easily, and, 
when tlie fat was extracted and the ether driven off, two 
portions, one liquid and one solid, separated out in the ])ro- 
portion of 1 to 2, respectively. The chemical and physical 
constants of the extracted fat suggested a mixture of one 
})art palm kernel oil to two parts of cacao butter. 

III. Extremely unpleasant to taste, very gritty under the 
teeth and much inferior to any of the common brands of 
genuine chocolates, examined previously. Largely composed 
of cacao husk, sugar, syrup, cacao butter substitutes and 
starch. 

Chocolate Powders. 

Chocolate powders, such as many makers now produce, 
usually contain from 20—25 i)er cent, of fat and 50 — GO per 
cent, of sugar, with the addition of foreign starch, in the 
majority of cases, to add to the thickening property of the 
beverage and to the maintenance of the chocolate in a fine, 
powdered form. 

Ewell * gives the following analyses of some commercial 
chocolate powders : — 

Table XLV . — AfinlyseH of novie. Commercial Chocolate . 

Powders, 



{ Kownt 
powdered 
choeolate. 

Kppn'R 

prepan-d 

I cocon. 

Fry’n 

IMnmoiid nwnet 
chocolate, 

Cttocolaie 

Mciiicr. 

Fiit 

25-84 

2.5»4 

18-00 

21 -JU 

Fibre . 

. • 1 -30 

151 

■ 0 HI 

1-10 

8»ierose 

.51 (W) 

; 20(K» 1 

! 5.5 00 

58-00 

Ash 

1 m 

* :m.5 : 

1-16 

1-40 

Added starch 

Very Kniall 
amount of 

1 arrowroot. 

Much j 

! arrowrf)ot. j 

i Much \vheat j 
starch, nome ' 

; arrowr<x»t. i 

1 1 

' Ml. 


• E. E. Ewell, U.S, Dept, of Agriculture, Bull. 13. 
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Bell * has given analyses of several preparations of 
cocoa, such as “ Iceland Moss Cocoa,” “ Kock Cocoa,” 


Table XL VI. — A7ialyses of some American Chocolate 
Powders, 



Swiss 

milk 

cocoa. 

Ground 

chocolate. 

Ground 

chocolate. 

Powdered 

sweet 

chocolate. 

Cup 

chocolate. 

Moisture 


1 15 

0 05 


143 

Sucrose 

1 1 80 

52 30 

57 77 

41-08—54-40 

44 14 

Fat .... 

2408 

15-28 

18-90 

19-95—25-04 

14-05 

Oude fibre . 


2-02 

1-40 


0-87 

Ash .... 

540 

2-80 

1-93 



3-10 

Watt'r-iiiHoluble ash 

1 80 

0-75 

1-30 



0 , 04 . 

Water-soluble ash . 

:ir>H 

2 05 

0-03 


0 92 

Acid-insoluble ash . 



0-09 

Oil 



0-00 

Alkah-soluble ash . 



1-80 

0 50 


0-35 

Alkali -insoluble ash 


1 -05 

1-70 


3-05 

Reichert -Meissl value of 
of fat 

2 -So 

0 29 

0-32 


0-45 

iStt|Kmification value of 
fat .... 


1944M) 

195 4 


190-7 

Iodine value of fat 









Crude iibre on f.-s.-w.- 
iviH' basis . 


047 

0 17 



Ash on f.-H.-w.-free basis . 



8 98 

8-51 

. _ 


Water-insoluble asii on 
f.-s.-w.-free basis 


241 

5 73 



Water-soluble ash on 
f.- 8 .-w.-fr(*e basis 


0-,57 

2-78 



Alkali-soluble ash on 
f.-H.-w.-free basis 


5-80 

2 20 



Alkali-insoluble ash on 
f.-s.-w.-free basis 


5-30 

7-50 



Acid -insoluble ash on 
f.-s.-w.-frt‘e basis 


0 29 

048 



Ijactose 

loO 





13-20 

Butter fat . 

1-95 







Mierosi'ojiieal examina- 
tion. 

Trace of 
wheat 
starch. 





Casein .... 

Trace 

L_:_ 


— 

9*99 


** Flal^e Cocoa,” and ” Chocolat de Sante,” which 
consisted of 2*5-#-5‘5 per cent, of moisture, 17 — 25 per 
cent, of fat, nil to 25 per cent, of added starch, and 


♦ J. Bell, The Chemistry of Foods,” 1887, 89. 
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nil to 61 i>er cent, of added sugar. These i)reparations 
are seldom met with now and are of little or no com- 
mercial importance. 

More recently, Dubois has sent the author the above 
analyses, shown jn Table XLVI., of some American 
chocolate powders which include some containing milk 
solids. 



CHAPTER XJX 


RECIPES FOR MAKING CHOCOLATE-PLAIN AND “FONDANT” 
CHOCOLATES. AND CHOCOLATE POWDERS 

From the analysis of a eliocolate, it is very easy to recon- 
st ruel one ])OSseHsing the same cliernical composition, but it 
is exceedingly difficult, Avitliout much ex])erience, to deter- 
mine how a s))ecial ffavour or aroma is obtained. 

This is obvious, seeing that different methods in inanu- 
faci.ure Avill give different aromatic qualities to the cacao 
and that small quantities of an essential oil, blending with 
the natural aroma of the cacao, will (*om})letely alter the 
flavour of a chocolate.* 

Treatment with alkali will give a certain result, and 
chocolate, so pre])ared, can be detected by analysis, but the 
blending of different varieties of beans, which is of high 
imj)ortance in chocolate-making, and the addition of a droji 
or two of an essential oil to a hundredweight of eliocolate, 
cannot be so determined. 

Various flavours, such as vanilla, cinnamon, and other 
spices, coffee, oil of coriander and other aromatic bodies, 
combine so well with cacao that nearly every manufacturer 
of chocolate has some secret condiment, or blend of flavour- 
ing matters, with which to give his products a character, and 
which, he claims, secures a unique result. 

Each countr}’ may be said to have its fancy in flavour : 
France prefers its chocolate mixed with almonds, hazel-nuts 
or chestnuts in small quantities, to give a nutty flavour, 
Spain likes spiced chocolate, America consumes mostly milk 

♦ n* Chapter XXIIl. 
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chocolate, often with whole nuts or almonds embedded in 
the cakes, while England favours vanilla flavour. Eveiy 
country, moreover, has a slightly ditferenf variety of beans 
from M'hich to select., and l,he characteristic, flavours of the 
varieties of cacao beans, a, subject already dealt with, play 
no small part m determining (he final flavour of the resulting 
chocolate. Added to this, special methods of prejiaration, 
particular to individual factories, enable an almost endless 
number of combinations to be made. 

It is not intended to give a very long list of possible 
blends of cacao, for i( would be useless, but a few selected 
recipes of known worth have been chosen. 


Dry Chocolates. 

FuKNCH JiECIPKS. 

lienjM-. 1. (Kmile Duval in “ Confinerk Moderne.") 


Airibii . . . . , 

Para • . . . 

Macliala • . . . 

Large nibs 

Almonds • . . . 

Hazel-nuts • . . . 

Cacao butter ... 
Chestnut sugar 
Ordinary sugar 

Vanillin sugar . . . . 

Ordinary sugar (second addition) 


Ib^. O/H. 

. 2 3 

3 4 
2 3 
. 20 12 

. 1 2 

. 4 C 

. 1 2 

. 88 4 

. 16 0 

. 0 2 

. 10 10 


100 0 


The figures are somewhat awkward, but they have. been 
obtained from an original recipe and increased to total 100, 
so that estimation of the percentages of cpcoa, fat and sugar 
can be readily made. * 

The chestnut sugar in the above recipe is prepared by 
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boiling tlie 'svaste syruj), after the chestnuts for “ Marrons 
Glaces ” have been crystallised in it, to 14€5° C. ; the sugar 
is then briskly stirred, so as to cause granulation and a sandy 
consistency (“ sable *’), and dried in a drying room prior to 
its addition to the chocolate. This sugan, which, owing to its 
dark colour, has no other application in confectionery, can, 
with advantage, be used in chocolate for its nutty flavour. 

The chocolate from this reci))e is one of the dry variety, 
and for this reason, the whole of the sugar should not be 
added at once, but, after the first. ])ortion has been worked 
into the ca,(‘ao ])ast(^ in t.lie “ melangeur,” the mixture is 
l)laced in a ])an in the hot cupboard, to recover its softness. 
The n^st, of the sugar is then added, and the whole well 
worked again in the “ melangeur,” refined to the required 
smoothness and moulded. This is not a chocolate of finest 
quality. 

Water Chocolates. 

Wliilst speaking of chocolates of the dry variety, it is 
impossible to pass over the mention of so-called ” Wat(a‘ 
Chocolates.” Manipulation with water, to which manufac- 
turers occasionally resort, is for the pur})ose of facilitating 
the working of the chocolate ])aste in the process of manufac- 
ture and moulding. Chocolates that contain only small 
(quantities of fat, say below 20 per cent., are, clearly, more of 
a doughy than of a liquid consistency and, consequently, will 
not stand close refining and are moulded only with diffi- 
culty. It is not correct to say that such chocolates are 
fraudulent, yet, again, the public does not get what it expects 
when ” water chocolates ” are palmed off on it. The ” Ver- 
band deutscher Schokoladen Fabrikanten,” at one time, 
took, up a severe attitude towards the use of fat-saving 
materials, especiiftlly gum tragacanth and glue, for the detec- 
tion of which Welrnans devised various methods of analysis. 
As one journal has tritely put it, “ Since glue has been aban- 
doned, and the same results have been got with unadul- 
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terated pump water, no one concerns themselves about the 
matter.” Yet, again, this criticism is hardly fair, since no 
appreciable quantity of water can be leflf in the chocolate 
without rapid deterioration of the product. 

An inquiry into Water chocolates,” put on foot by the 
Gordian, resulted in a correspondence to which this journal 
contributed some amusing criticisms. The letter from Herr 
Vogel of Dresden is quoted as follows : — 

“ In reply to your favour of the 2nd insf., I beg to say 
that so far as 1 know the addition of water in chocolate 
mixing is only very small, and is only made when the sugar is 
unusually dry. We have liere in Germany sugar makers 
who make a very inferior sugar which is mucli used for cheap 
chocolates. This brand of sugar has a certain dampness of 
its own, which makes it suitable for chocolate manufacture. 
There are, however, some sugars which, especially when 
finely ground, are so dry that they must be watered for 
amalgamating i)urposes. Only a very little water is neces- 
sary to sui)ply the moisture which most sugars have already. 
1 cannot see that such an addition is unpermissible, let alone 
punishable. If too much water is used it would be adul- 
terating. At the same time I cannot think that more water 
would be added than could be helped, because it would have 
to be evaporated off again before the chocolate was fit for 
moulding, and at the usual temperature of mixing this would 
mean much waste of time.” 

The letter closes with a promise to have some fat deter- 
minations made. 

After saying that the letter had been put among the 
archives, Gordian firstly states that it has never heard that 
moist sugar, sugar with a “ certain dampness,” was better 
than dry sugar for chocolate-making, and that it never knew 
that dry sugar had to be damped before a chocolate mass 
could be made with it. Gordian then remarks, with philo- 
sophic calm, that every trade has its own methods and its 
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own experiencen, and adds ihat it once had a block chocolate 
under notice that was as hard as stone, whicli, as it contained 
only 18 i)er cent. Of fat, must have consisted of 70 per cent, 
sugar, 2 })er cent, butter, and 28 per cent, cocoa. A mass 
with such a coni} position could not be mad/^ in the usual way 
so as to be suitable for moulding. 

There is no doubt, however, that) sugar containing a 
c.ertain very low })ercentage of moisture is better for making 
chocolate than the bone-dry, finely pulverised crystal, if a 
sirajilitication of the refining jirocess and a saving of cacao 
butter are to be considered. The recent work of Bradley 
and others has jmt the point beyond a shadow of doubt, and 
the use of water in the manufacture of chocolate, for the 
})ur})ose of conserving cacao butter, is (common knowledge. 
The ])atents covering the manufacture of “ amorjihous 
sugar,” to which reference has already been made, also 
emidiasise this jioint, but, as in all processes, there are limits 
beyond which it is undesirable to go. The presence of 
1 — 2 per cent, of moisture in the sugar, which subse(j[uently 
dries out till only some 0’5 — 1 per cent, is left, in order to 
sini})lify refining processes and to make a small conservation 
of cacao butter, is a very different matter to adding large 
quantities of free water to a dry chocolate mass in a ” melan- 
geur,” in order to bring the total percentage of cacao butter 
below twenty. The fact still remains, also, that “ Water 
chocolates,” as ordinarily prepared, are inferior chocolates 
for eating purposes, abnormally low in fat and of inferior 
flavour. 

” Water chocolates ” may, however, be used for making 
the beverage ” Chocolate ” which requires only a small 
amount of fat to be present, and many makers manuftK'ture 
this quality of clMcolate for this purpose, stating clearly on 
the labels of the packets the uses to which the contents 
should be put. 

In order to conform with the suggested standard for 
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sweetened chocolate, (see Appendix) a luiniinum of 19 })er 
cent, of cacao butter is indicated, so that chocolates con- 
taining one more per cent, would fall within the definition. 
And that is all that can be said in f heir fa vour. 

Dry Chocolates {Coniimicd). 

Recipe 2. 

Caracas 18| lbs. 

Maragnan . . . .182^ 

Hazel-nuts . . . • 9] m 

Sugar . . . . . 59 

Vanilla . . . . | 

100 lbs. 

Rec ipe B. 

. l()i lbs. 

. 9i „ 

. \Sl n 

. 55| ,, 

i n 

100 lbs. 

It is needless to enumerate more of such recipes, the last 
mentioned being typical of the best chocolates of the dry 
variety. If such a chocolate were well milled, it could not 
be surj)assed, the blend of Caracas, Para and Trinidad beans 
being ideal for flavour, whilst the percentage of sugar is not 
too high. 

German Recipes. 

Recijje 1 . 

Cacao mass . . . . *49 lbs. 

Sugar . , . . . 49 . 

Cinnamon . . . . 

Vanilla . . . ^ 


Caracas . 
Para 
Trinidad 
Sugar . 
Vanilla 


100 lbs. 
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Recipe 2. 

Cacao Mass . 

Sugar . • 

Cinnamon 
Cloves . 


. 89 lbs. 


59 » 



100 lbs. 


Tlio cacao mass should consist of the better quality beans, 
such as Caracas, Arriba, or Puerto Cabello, for the finest 
chocolate, though each maker lias his own secret blend. 

Zi])p(Ter gives a list, of several working forniuhe, such as 
one jiart. each of Caracas and (iuayaquil, one part each of 
Maracaibo and Maragmvn, one part of Caracas to five jiarts 
Maragnan, and so on. 

In the second recipe shown above, it is certain that 
(^xfra cacao butter would have to be added to facilitate 
working, as tihe large proportion of sugar would tend to dry 
the paste. 

Spanish Pecipes. 

Recipe 1 . 


Puerto CabiJlo 


20 lbs. 


Caracas . 


18 )i 


Cuba . 
Sugar . 
Cinnamon 


12 „ 
44 

to flavour 


100 lbs. 

Jacoutot, speaking of tliis recipe, says : “ Spanish choco- 
late is roasted in a special manner. It is its imperfect 
roasting which gives it the peculiar strong flavour which dis- 
tinguishes it.'’ The same author recommends that the 
cacao be first washed in warm water and then boiled with 
the sugar and sufficient water, till the sugar rises in the pan. 
The pan is then removed, and the whole gi'ained in the usual 
manner, as for “ Praline.” The graining mass is loosely 
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powdered, and dried or worked in ihe “ melangeur and 
refiners, till free from moisture. 

The author has seen chocolate made^in Spain with raw 
sugars, and, undoubtedh% they often owe their tine flavour 
to this ingredient. 

Such a process as that given by Jacoutot is, however, 
laborious, and good results can bt^ obtained by using half- 
roasted cacao and treating in tlie same way as for ordinary 
chocolate, with a subsecpient heating in a “ conche 
machine. 

Bccipc 2. 

Cacao mass . . . .48 lbs. 

Sugar . . . . . 512 

Spices . . . . • I » 

100 lbs. 

The spices art^ coni})Osed of three ])arts of cinnamon, one 
])art cloves, two parts cardamoms, one ])ai*t mace, and one 
])art vanilla. 

For other recei])es of plain eating-chocolates, it is sug- 
gested that works on confectionery be consulted, the only 
purpose served by including here those recipes, already 
given, being to show the possibility of obtaining good- 
flavoured chocolate by special blends of beans and aromatic 
spices and to give the proportions of sugar to cacao that are 
sometimes employed. 

Alkalised Chocolate. 

Chocolates which have been treated with alkali, during 
the roasting of the beans or in the proce'feB of manufacture, 
should, perhaps, be included under the heading of plain.” 
In the former case, the method of procedure is the same as 
for rendering cocoa powder “ soluble,” whilst, in the latter 
case, very small quantities of a strong solution of caustic 
soda or potash are added to the chocolate paste while running 
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ill the “ melaiigeur ” and are, with advantage, added prior 
to the first refining. If the chocolate is so treated, the 
greatest c.are should be taken to free it from moisture before 
moulding, and, consecpiently, the smallest ])ossible (juantity 
of water should be employed for making the alkaline 
solution. 

In sonai fact()ri(‘s in Switzerland and (rermany, the 
chocolate is trt‘ated with alkali, as it is believed that the 
flavour is im]iroved thereby. This, however, is a matter of 
some differeiK'e of o])inion, and it is our exjierience that 
the chocolatn of finest flavour is ])r(^])ared by using the 
best (piality beans, properly roasted, without any further 
treat ment. 

In those factories wluu’e alkali is enii)loyed, the caustic 
soda or potash is dissolved in the minimum (piantity of 
water and added to the chocolate paste in the proportion of 
I lb. to !{ lb. alkali to 100 lbs. of cacao i)aste. li is some- 
times the custom to add the alkali to the cacao mass btd’orci 
the addition of the sugar and to dry off the moisture in a 
vacuum mixer, when the sugar and other matters are added 
at a later stage. In either (*ase, after the ])aste has been 
dried out, the method of procedure is the same as for 
ordinary chocolate. 

“Fondant” Chocolates. 

Since tlu^ int roduction of milk chocolates, the smoothness, 
characteristic of them, is expected by the i)ublic in plain 
chocolates. The dry, hard chocolates are not so popular 
as the smooth, fatty varieties (“ chocolate fondants ”) with 
the general public, at the present day. 

To meet the recpiirements, chocolate manufacturers have 
been compelled tojntroduce a confection containing 30 per 
cent, and upwards of cacao butter to replace the dry choco- 
lates of 25 per cent, fat-content. To this end, cacao butter 
is added to the recipes of the older-fashioned, drier choco- 
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lates, and the chocolate mas8 is rehned to a mucli greater 
extent than foriiierlj^ This means, of course, that the per- 
centage of cacao mass is reduced and that free cacao butter 
is added in its stead. 

The “conchy” machine, described later when dealing 
with milk chocolates, usually re])laces the “ melangeur ’’ for 
finishing these smooth, faf.ty chocolate's, and the mass, after 
being closely refined, is worked from tliirty to forty hours - 
consecutively, sometimes for a longer time, to acupiire the 
characteristic “ fondant nature which is so pleasant to the 
palate. 

Swiss chocolate manufacturers, whose work is sim})lified 
by the hydraulic i)Ower at their command, run the machines 
day and night, carrying the manufacture of “ chocolat 
fondant ” to the end without any interruption. This con- 
tinuous process gives the consistency, whilst the extreme 
fineness, resulting from close refining, ])roduces the smooth- 
ness, both characteristic (pialities of this class of chocolate. 

“ Chocolats fondants are, of course, more costly to 
])r()duc-e, owing to the additional amount of labour and power, 
ex])ended and to the larger amount of high-priced (*acao 
butler, used in their preparation. 

The cacao butter, employed, is purchased on the market 
and is the outcome, or by-j)roduct, of factories where cocoa 
powders are more largely produced than chocolate, in tlie 
preparation of which the surplus cacao butter, expressed in 
the manufact ure of cocoa powder, could be emydoyed. The 
fatty eating-chocolates more nearly approacVi in composi- 
tion those used for covering various sweetmeats and biscuits, 
though, for the tablet chocolates, greater care has to be taken 
that the finest varieties’ of bean are used and that refinement 
is carried to the furthest degree. 

To give but one example, from an infinite number 
possible, of methods of manipulation in order to secure a 
certain flavour the following description will enable the 
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manufacturer to obtain a chocolate with a flavour more or 
less closely resembling that associated with the name of 
Lindt, according to the care with which the process is 
carried out. 

Mixing. 

Arriba, or fine Venezuelan nibs . 10 parts. 

Ceylon, or Trinidad nibs . . . 10 

Cuban, Bahia, or Han Thome nibs . 10 » 

Hugar . . . • • . 70 )> 

Cacao butter . . • • . 15 

Vanilla . . . • • • I ” 

The beans should be roasted only just- sufiiciently to 
enable the husks t.o be removed easily on the winnower. A 
temperat ure of 100° C. is sufficient, for this purpose, and a 
temperature higher than 130° C. should not be allowed. The 
lightly roasted nibs are ground, preferably on granite rollers, 
mixed with sugar, refined on steel refiners, and then, after 
cold blocking, the hard blocks are levigated on granite 
refiners. A second refinement on steel refiners is advan- 
t.ageous. 

Bet ween each refining, the mass is run in a “ melangeur ” 
for 10—15 minutes, and some cacao butt er is added on these 
occasions. After two or three grindings on the steel refiners, 
followed each time by further levigation of the cold blocks on 
the granite rollers, the chocolate mass is placed in a “conche ” 
machine and heated from 80° to 90° C. for seventy-two 
hours. By these means, the semi-roasted nibs develop 
their full flavour in the later stages of manufacture, and the 
heat, applied in the “ conche,” also tends to caramelise the 
sugar, slightly. 

The “ caramelising machine ” of Messrs. Savy Jeanjean 
et Cie. aimed to jjroduce the same effect, and, though un- 
doubtedly the sugar is caramelised, the resulting chocolate 
is by no means of the same fine flavour that is produced by 
the slower process. The makers of this machine, however, 
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claim smoothness and homogeneity, rather than enhanced 
aroma, for chocolate treated in this way. 

Chocolate Powders. 

As distinct from cocoa, chocolate powders are, for the 
most part, })ut upon the market as a cheap cocoa preparation 
for drinking purposes. 

In the previous chapter, some analyses of chocolate 
powders have been shown, and the addition of starch, besides 
that of sugar, common to eating-chocolate, has been noted. 

The addition of starcli cannot be condemned, if the 
jiublic are fully aware that they are })urchasing that com- 
modiiy, as well as cocoa and sugar, when they ask for 
chocolate powder. In fact, the beverage prei)ared from 
such a mixture is most palatable, if good (quality beans have 
been used, as it can be made to the thickness of “ blanc- 
mange,” if recpiired, due to the gelatinisation of the starch 
which the })Owder contains, and a feeling of repletion, valu- 
able to the poorer classes, is experienced after the consump- 
tion of a cu})ful prepared with boiling water, which may not 
be the case when ordinary cocoa powders are used. 

Epps’s cocoa preparation is a good example of a care- 
fully manufactured article with high food -value, and its 
composition has been already given.* A good chocolate 
powder may be prepared from the following recipe, in 
which it is assumed that the cacao mass is prepared from 
fine quality beans. 

Chocolate Powder. 


Cacao mass . . . .20 lbs. 

Arrowroot (slightly baked) . 20 »» 

Sugar . . , . , 59J » 

Vanilla . . . . . J >» 


100 lbs. 

♦ Vide Chapier XVIII., Table XLV. 
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Such a recipe will show, on analysis, only 10 per cent, of 
fat, and, of course, if it is desired to increase the figure, 
the cacao mass may be increased at the expense of the sugar, 
or arrowroot. 

T-nfortunately, we more often meet with a recipe, 
described as “ ordinary chocolate powder,” composed some- 
what. as follows : — 


“ Ordinary ” C^hocolate Powder. 


Pacao mass 
Pot a t 0 starch . 
Shell ])Owder . 
Sugar 


15 lbs. 
15 „ 
15 „ 
55 )) 


100 lbs. 

We are confident., however, that, though such recipes 
find their way into hooks on cocoa and chocolate, the 
powders, prepared from them, do not often appear on the 
market,. During the war, it was a different matter, and 
many cases of heavily adulterated cocoa and chocolate 
powders were encountered. 

The addition of cacao husk or shell ])owder t o cocoa and 
chocolate ])reparat,ions is, however, by no means uncommon, 
as the following extracts taken from The Times (Jum^ 10th, 
1910) will show : — 

“ At West London, before Mr. Fordham, W. D. was 

summoned at the instance of the Fulham Borough Council 
for selling cocoa which contained 60 per cent, of powdered 
cocoa shells. 

” There was also a summons against for selling at a 

shop in Fulham a sample of cocoa which contained 20 per 
cent, of cocoa sluells.” 

The former case was adjourned, the public analyst for 
Fulham being reported to have said as follows : — 

“ The cocoa of commerce was made of the bean deprived 
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of its shell. There was a certain amount of nourishment, 
no doubt, in the shell, but the fibrous nature of the shell 
rendered the article very unpleasant. He did not suggest 
that there was anything deleterious in the sample before the 
court. The shell, was used for cattle food and in the eheai)er 
form of chocolates. There was no standard in this country 
for cocoa.” 




CHAPTER XX 

MILK CHOCOLATES AND MILK CHOCOLATE POWDERS- 
ANALYSES AND RECIPES— NUT CHOCOLATES, ETC. 

The ]M)i)ularity of milk chocolates, which probably 
synchronises with the introduction of Peter’s milk choco- 
late to the ])ublic, is well deserved. Whilst it is admitted 
t hat the best milk ar^ worthy of competing against the best 
plain chocolates, there are a laYge number of so-called milk 
chocolates on the market, of a glutinous and coarse nature, 
which cannot compare in })ala\i\bility with the coarsest of 
the plain variety. Espejjiilly are these coarse milk choco- 
lates to be found in America at the present time. 

Booth, in a paper before the Seventh International Con- 
gress of Applied Chemistry, recommended that milk choco- 
late should be legally standardised as a “ preparation, 
composed exclusively of roasted, shelled cocoa beans, sugar, 
and not less than 15 per cent, of the dry solids of full-cream 
milk, with or without a small quantity of harmless flavouring 
matter.” 

In the better brands of milk chocolate, both English and 
foreign, this standard is undoubtedly conformed with, but so 
much depends upon the fineness, to which the preparation is 
ground, that chemical analysis, alone, will not show the 
excellence of any* particular brand. 

Competition, however, is a wonderful leveller of quality, 
and, seeing that tfiis exists in normal times to a high degree 
among chocolate manufacturers, competing brands of a 
good price show gi*eat similarity in quality. 

For the cheaper brands, it is only necessary to refer to a 
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later page, where recipes are given for “ ordinary ” milk 
chocolates, to realise that there are greater possibilities of 
addition of chea}) varieties of, or substitutes for, the ingre- 
dients composing them than in the case of plain chocolates. 
Booth,* however,, has been fortunate in his selections of 
samples for analysis and, in his valuable contribution to 
The Analysty gives the following results : — 

Table XLVIi. — Analysis of Some Milk Chocolates. 

A. 



l*Jj)gIi8h. 


T. 

u. 

lit. 

IV. 

V, 

VI. 

VJJ. 

VIIJ, 

IX. 

X. 

Total fat 


.32 7 

.30-0 

23 7 

27 0 

3.5 2 

29 -.5.5 

.3.5-7 

.34-0 

.3.3 3 

Made u]» of - 











Milk fat 

7 0 

2 0 

«4 

2 7 

40 

4 7 

8-2 

8-3 

.3-0 

7-0 

f'acao huttor . 


30 I 

2t> 0 

21 0 

22 4 

.30 .5 

21 3.5 

27 4 

31-0 

2.5 7 

Milk .sugar . 

{) 2 

3 H 

8 2 

0-5 

7 3 

8 0 

10-0 

11 1 

.5 0 

10-4 

CaiK* or Ix'ot sugar 

45 0 

40 r> 

38-0 1 

.52 0 

32-4 

4! 2 

44 4 

.39 I 

r>4 .3 

.38 4 

Foreign .starch 

Sd. 

yd. i 

! yd. 

yd. 

yd. 

yd. 

yii. 

yd. 

yd. 

yd. 

Cocoa hIicII . 

yd. 

yd. , 

i yd. 

yd. 

yd. 

yti. 

yd. 

yd. 

yd. 

yd. 

Nitrogen 



' 


■*' 


— 

1 itt 

0 70 

1-68 


B. 





Swiss, Oerman, Austrian and Uolgian. 




XI. 

XII. 

XIII. 

XIV. 

XV. 

XVI. 

XVU. 

XVUI. 

XIX. 

XX. 

Total fat 

3 1 -.5 

29-9 

.300 

30 8 

29 5 

29-2 

.31 -.5 

.3.3 4 

.30-9 

31 3 

Made up of — 

Milk fat 

7 7 

0-6 i 

8-8 

5-8 

7 9 

1.3 0 

8-1 

5-7 

84 

8-3 

Cacao butter . 

23-8 

2.3 3 

21 2 

2.50 

21 0 

15 0 

2.3 4 

27-7 

1 22*5 

23-0 

Milk Hugar . 

75 

100 1 

11 0 

5 2 

10-8 

8-4 

90 

7-5 

5-5 

7-7 

Cane or beet sugar 

36-1 , 

450 

42 2 

.3.50 

52-7 

362 

42 7 

42 9 

50-2 

42-2 

Foreign starch 

yd. 

yd. 

yd. 

yd. 

yd. 

yd. 

yd. 

yd. 

yd. 

Nd. 

CJocoa shell . 

yd. 

yd. 

yd. 

All. 

yd. 

yd. 

yd. 

yd. 

yu. 

Nd. 

Nitrogen 

. . 

' 

— 


— 

— 

1-28 

l-,30 

MO 

— 


It is not difficult to reconstruct these figures and to 
produce, synthetically, recipes from them, though it must 
always be realised that the interpretation of analyses must 
be accompanied by a knowledge both of the technical 

* N. P. Booth, The Analyaty 1900, xxxiv., 139. 
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methods of preparation and the qualitative, as well as quanti- 
tative, valuation of the components. Thus, taking the 
analysis of the mfik chocolates as showing : — 

English Sam'ples. 

Average Maximum. Minimum. 

Per cent. Per cent. Per cent. 

Milk fat ... 5*5 . 8*3 . 2-6 

Cacao butter . . 26-3 . 31*6 . 21*0 

Cane sugar. . . 43-2 . 54*3 . 32*4 

and — 

Forciijn t>a7nj)les. 


Average. Maximum. Minimum. 

Per cent. Per cent. Per cent. 

Milk fat . . . 8-1 . I!h6 . 5-7 

Cacao butter . . 22-7 . 27-7 . 15-6 

Cane sugar. . . 42*6 . 50*2 . 35*0 


a recipe, composed as follows, will comply with the above 
analyses in the main particulars : — 

Becipe, 

Cacao Milk Cano 

butter. fat. sugar. 

Cacao mass . h-0 yielding 4-5 . — . — 

Cacao butter . 20-0 „ 20*0 . — . — 

Cano sugar . 41-0 ,, — . — . 41'0 

Vanillin sugar . 2-75 „ — . — . 2-0 

Milk powder (full- 
cream, 25 per 

cent, fat) . 27-25 „ - . 6-81 . — 

100-00 24-5 6-81 43-0 

According to the percentage of cacao mass and butter, 
respectively, that is to be employed, so can the one be 
increased at the expense of the other, always remembering 
that cacao maBf contains some 50 per cent, of cacao butter. 
Further, according to whether a dark or a light chocolate is 
required, so can these proportions be again varied, the higher 
the percentage of cacao mass used the darker the chocolate. 
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So far as the milk flavour is concerned, 20 per cent, of milk 
solids of full-cream milk will usually be fomid to be sufficient, 
though, here again, if the cacao mass is adso of high percen- 
tage, the flavour of the latter may be inclined to mask that 
of the former. , 

The strength of flavour of the different beans, employed, 
must also be considered in making a recipe, as it is (piito 
possible to use a large quantity of mild-flavoured cacao, 
wdiereas the same (Quantity of a full-flavoured bean would 
cover the flavour of the milk. To give a list of recipes is, 
therefore, cpiite useless to tlie manufacturer, who must, firstly, 
determine which milk cho(*-ola.te he fancies and thejj, from 
the complete analysis, reconsf,ru(d a re(*ipe. The method 
of preparation that lie adopts w'ill, of course, play a con- 
siderable part in determining the flavour iind oilier (pialities 
of his chocolate. 

To quote a feW' recipes only, in order to enqihasiso the 
difference that may be seem in the proportions of the various 
ingredients, the following three liave been selected : — 



I. 

II. 

III. 

Zipperer. 

FrilBi'h I. 

FHhch II. 

Cacao tna8H . 

28 

13-25 

37 (K) 

C^acao butter 

12 

20-50 

12-25 

Cane sugar . 

.36 

35-00 

27 -(M) 

Milk solids (full -cream) . 

24 

31-00 

23-25 

Vanilla 

— 

0-25 

— 

Vanilla sugar 

— 

— 

0-50 


100(X) 

100-00 

100-00 


These, on analysis, would show approximately : — 



I. 

11 . 

III. 

Fat-free cacao mass 

14-00 

6-68 

18-50 

Cacao butter 

2600 

2710 

30-75 

Cane sugar . 

364)0 

354)0 

27-00 

Lactose 

9-25 

11 90 

8-95 

Butter fat . 

6-00 

7-75 

5-80 
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It will be observed that, of these recipes of Zipperer and 
Fritsch, only the second compares favourably with the recon- 
structed recipe, already given. On the other hand, it is clear 
that the main differences lie in the amount of cacao mass and 
cacao butter, j)resent. It becomes, then, a matter entirely of 
taste and desire of the manufacturer who, ])rovided he has 
sufficient fat, ])resent in his chocolates, to enable him to mould 
it satisfactorily and to give the required consistency, is at 
liberty to choose whether, on the one hand, he desires a 
full-flavoured (diocolate, in which case he selects a recipe 
with a large pro] portion of cacao mass made from mild beans 
or wit h a smaller (piantity of full-flavoured cacaos, or, on the 
other liand, a ])ronounced milk-flavoured chocola-te, in which 
case he will, i)robably, reduce the cacao mass and increase 
the ])ro])ortion of cacao butter. 

An analysis of a good ty])e of British milk chocolate has 
been given in a number of t.he Intcrnaiional h^'iKjar Journal, 
1902, which stated that, whilst, hitherto, the British chocolate 
trad(‘ had been in the hands of a few big firms, yet the manu- 
factaire of milk cho(*olate seemed to have been a mono])oly of 
manufact urers on the Continent. Since that time, however. 


Analysis of Cadbury's Milk Chocolate, 


Total fat 

Per cent 

. 30-30 

Cacao butter . 

. 22-00 

Milk fat .... 

7-70 

Cane sugar 

. 42-00 

Milk sugar 

. 10-90 

Proteids or albuminoids . 

. 10-30 

Ash 

2-10 

Moisture. 

1-60 

Indigestible fibre 

0-75 

Undetermined bodies 

2-05 


lOO-OO 
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the British firms have made great strides, and there is hardly 
one chocolate manufacturer, in this country, that does not 
now produce a very fair milk chocolate*. The journal, to 
which reference has been made, gave the above analysis of 
Cadbury’s Milk Qiocolate, as it was at that time. 

The alkalinity of the ash was sliowii as O-IO ])or (*ent. 

(K.O). 

Laxa* has given some analyses of commercial milk 
chocolates, worthy of reproduction here. (Table XLVllL) 


Table XLVIII . — Analyses of some Milk Chocolates. 



Mois- 

ture. 

Total 


Other 




Other 

non- 



pro- 

teids. 

Casein. 

pro- 

tclds. 

Fat. 

Lactose. 

Sucrose. 

nitro- 
genous 
bod les. 

Ash. 

1. Gala (Petor) 

0 77 

9-66 



„ 

31-47 

7 32 

27-51 

21 40 

1 87 

2. Delta (Peter) 

0 .^4 

9-86 

.5- 16 

4 70 

30 11 

8 02 

48-25 

20 89 

2 32 

Croquottea (Peter) 

1 7» 

9 15 

3 86 

5 29 

31-91 

7-42 

.39 42 

a 37 

1-96 

4. Milka (Smiiard) . 

: 1 22 

1 8 13 

4-43 

3 70 

32 33 

8 70 

35 93 

11-87 

1-82 

5. (Croquettes (Cailler) 

6. Croquettes er^niant 

2 26 i 

10 94 

4 36 

6 58 

1 31 12 

7-84 

33 68 

11-88 

2-28 

(Cailler) 

T.VIllards 

! 0 99 

1 6 80 

0-67 

6 22 

' 31 37 

2 24 

33 14 

23-86 

1-51 

100 

, 6 83 

4 46 

2 37 

! 33 12 

8-00 

1 45-22 

4-28 

1-55 

8. Alpina (Sprungll) . 

, 0 72 

1 9 73 

, :mo 

6-63 

33 1 1 

, 8-76 

1 37-25 

8-47 

1-96 

9. Maraner 

10. Kigl (Uartwlg and 

; 0 23 

1 502 

1 

0 40 

4 62 

35-25 

i 1-46 

1 

46-46 

10 31 

1-27 

Vogel) . 

I 2*03 

I 698 

1 1 43 

5 55 

33 67 

! 9-14 

38-87 

7-82 

1-49 


These analyses by Laxa will not, however, stand very 
close investigation, if recipes are to be prej)ared from them. 

Laxa assumes, from the estimation of lactose, that there 
is an undue amount of this sugar in samples 8, 4, 5, 8 and 10, 
a condition which he explains is due to the addition of milk 
sugar during condensation of the milk. This, we think, to 
be improbable, both owing to the high price of milk sugar 
as compared with sucrose or even milk powder and to the 
fact that we are unable to see any advantage to be derived 
by such addition. In the writer’s opinion, the analyses of 
1, 2, 6, 7 and 9 are either incorrect or incorrectly stated in 
Laxa’s original paper. 


♦ O. Laxa, Zeitsch. Ntthr. Oenujtsm^ 1904, vii,, 471. 
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Further, aHsuining that the whole of the lactose, found, 
be due to that naturally present in inilk solids, containing 
25 per cent, of tut and 38-5 per cent, of lactose, and that 
the remainder is pure roasted cacao mass and cacao butter 
(added), we obtain the following recipes, synthesised from 
Laxa’s analyses : — 

TABiiK XLIX . — Synthesis of Milk CJtocolates from 
Table XLVIII. 

2 . ' 3 . 4 . 5 . 6 . j 7 . 8 . 9 . | 10 . ! 

3 2 1.34 14-0 18 4 .310 .5-3 II « ir)-2 

48 3 39 4 .3ri-9 33 4 33 1 4.5 2 37 -.3 4« r) 

21 9 202 23 7 21 4 til 21-8 2.3 9 40 

[20 0 270 20 4 20-8 29 8 27-7 27-2 .34-3 

: _ __ __ . _ I . . j 

Tlu‘se results have been obtained by calculating the total 
amount of milk jiowder that would naturally contain the 
lactose, estimated, ))lus 5 jier (*ent. for the moisture-content. 
If Laxa’s sujiposition that lactose has been added during 
condensation of the milk be correct, the figures for milk 
powder in Table XLIX. for samples 3, 4, 5, 8 and 10 will 
be high, and, consequently, the cacao powder, estimated by 
difference, will be correspondingly too low. 

The cacao butter is estimated by subtracting from the 
total fat, found, that due to the milk solids, on the reasonable 
assumjition that the fat-content of the milk solids was 
25 per cent. On the other hand, it must be realised that 
skimmed milk is often used, a fact which cannot be deter- 
mined without the cliemical and physical constants of the 
extracted fat. 

Moreover, it must be understood that, if the amount of 
roasted nibs or cacao mass is to be calculated, the figures 
under cacao i>ovpder must be doubled at the expense of those 
for cacao butter, since cacao contains 50 per cent, of fat. 

We have, therefore, the follo^^’ing percentages of cacao 
inaes present in these chocolates : (1) 52 per cent,, (2) 6-4 per 


87 
.38 9 ' 
250 , 
27 4 


I (W ao |Ktw<l<T (fat fm*) 

j Sujj;ar 

I Milk hoIicIh (or powilcr) 
('a< ao butter (total) 
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cent., (3) 26*8 per cent., (4) 28*0 per cent., (5) 36*8 per cent., 

(6) 62 per cent, (with a small deficiency of cacao butter), 

(7) 10-6 per cent, (witli a large excess .of cacao butter), 

(8) 23*2 per cent., (9) 30-4 per cent., (10) 17*4 per cent, (with 
a large amount chadded cacao butter). 

In the first edition of this work, the author criticised 
Laxa’s figures rather severely, but, in the liglit of inort' 
recent work done on Milk Chocolates, it is probable that th(^ 
suggestion now made is correct, namely, that only analyses 
1, 2, 6, 7 and 9 are misleading. 

It must be realised that the interpretation of analyses and 
the reconstruction into recipes, even in the hands of t he 
expert, are full of pitfalls, as it is necessary to know so much 
before reconstruction can be performed with absolute 
certainty. Thus, during the war and the shortage of milk, 
other albuminoids, besides those from milk solids, were used. 
The necessary quantity of lactose was added to mak(‘ up the 
d(^ficiency of tliut sugar, naturally occurring, and the added 
fats were so adjusted as to give similar chemical and physical 
constants to those of a fat extracted from a normal milk 
chocolate. The fraud was only detected by the writer from 
the albuminoids and the amino acids prepared from thorn. 

Dubois has contributed, in a j^rivate communication, the 
following analyses of some milk chocolates, most of which 
were made in America, selected from all the best known 
makes in that country. (See Table L.) 

These results only call for special mention in that, of the 
better milk chocolates, examined, of which IV. and IX. are 
typical, the ratio of sugar to milk solids is approximately 
two to one. In some other cases, the percentage of butter 
fat, as in V., VI. and XII., is abnormal for the amount of 
lactose present, if full-cream milk only were used. 'In the 
latter case, it is possible that an explanation will be found 
in the fact that, m America, it is not uncommon to add 
butter fat, at a later stage, to milk chocolate mass made with 
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skimmed milk or skimmed milk powder. This practice ia 
adopted for overcoming the “ cowj taste which Americans 
commonly find in European chocolates. Attention has bt^en 
called to this question of taste in another })lace. 

With regard tp microscopical examination, it is seldom 
that starchy adulterants are to he found, though the degree 
of lineness to wliich the chocolate is ground is noti(*eabIy 
less tlian in Euro])ean milk chocolates, sometimes causing a 
sensation of grittiness or roughness that might be attributed 
to coarse starcli particles. 

The conmiendable efforts of Dubois* to produce recipes 
from analyses, when that experimenter was working in the 
U. S. ])e})artmenl of Agriculture, also show some of the traps 
into which the chemist, not acepiainted with the cliocolate 
industry, may fall. Thus, after making a statement on the 
estimation of milk solids in iiiilk chocolate by determining 
lactose, butter fat and casein, he has shown, from analyses of 
cho(‘olates of known composition, that the calculations of 
milk solids, based on these estimations, are usually too higli. 
With regard to the estimation of butter fat, Dubois has 
said : “It was first thought that possibly the Koettstorfer 
number would assist in estimating butter fat, but it was 
found that the small amount of butter fat present would not 
introduce sufficient variation in the number to make it of 
value in the calculation.” Both the Reichert -Meissl and 
the Koettstorfer numbers of some commercial samples of 
cacao butter were then shown. A sample of milk chocolate 
was prepared in the laboratory after the following formula : — 
Cacao mass ..... 28 

Sucrose . . , . * . 36 

Milk powder (presumably full-cream) 24 
Cacao butter . . . .12 

100 

• W. L. Dubou, V.8. Dept. Agric. Bur. of Chem., Bull. 152, November, 1911. 
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Subsequently, analyses of this chocolate and of some com- 
mercial milk chocolates ‘were made with the following 
resiihs : — 


TARiiE LI . — Analyses of some Commereial and Laboratory 
Samjdes of Milk Choeolafe (Dubois). 


1 

Milk 

HOildu 

Kiven. 


Fat. 

Itelchcrt- 

Koettfl- 



Milk 

solids 

found 

K indn of 

1 clKH'Ollltf 

1 

1 

Lar- 

toae. 

Soxh 

Short. 

' Melaal 
' number 
■ (fat). 

torfer 

mimbor 

(fat). 

Butter 

fat. 

Caacin. 


Per 

Per 

IVr 

Per 



Per 

Per 

Per 


cent. 

cent. 

ceul. 

cent. 



cent. 

cent. 

cent. 

I Lalximtory. 

24 

10(> 

:i:i 00 

30 10 

.5-5 

200 

7 0 

8-SO 

20*40 

1 HnylciH 

10 

3 4 

33 02 

30 70 

2 0 

100 4 

3 3 

2 39 

9-10 


174 

0-07 

33 2.5 

31-00 

4.5 

! 100*3 

5*0 

7 10 

18*00 

; f'cnurt 

17 0 

020 

.32 -42 

30 ro 

40 

200 

4*7 

7-20 

18*10 


In ilie first column are shown the figures for milk solids, 
known to have been added in the mixing, supjilied, in the 
tlir(‘(‘ last cases, by the manufaciurer. Tlu^ last column 
shows the total milk solids, found by analysis. It will be 
observed thaf , with the exception of Huyler’s chocolate, the 
figures, obtained by analysis, are higher than those given in 
the formula, a fact which Dubois was inclined to think was 
due to the imperfect method of the estimation of casein. 
Baier * has provided some analyses of cream chocolates and 
milk chocolates, of which only the latter are shown in 
Table LII. 

“ Ordinaiy ” milk chocolate, like “ ordinary *’ plain 
chocolate, is the designation under which recipes tor 
inferior brands are described in books dealing with con- 
fectionerj% 

A good example of such a chocolate would result, if 
prepared from the following recipe : — 


• E. Baier, Oordittn, IftOO, No. 339. 
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Cacao mass ..... 

. 10 

Cacao shell powder . • . 

5 

Potato starch . . . . , 

5 

Sugar ...... 

. 40 

Vanillin sug^r .... 

2 

Cacao butter or substitute 

. 20 

Milk powder (skimmed or separattal) 

18 

Colouring matter and fla vouring 

To desiml tint 
rtnd flavour. 

100 


The i)ossible coiubiiiatious of cheap, substitute ingredients 
are endless, and it is fortunate that the chemist is in a 
position to detect the addition, es})ecially in such cases as 
milk and oi-her chocolates which, being compound articles, 
are without legal standardisation and are, consequently, not 
studied from this standpoint by those controlling the convic- 
tion for fraud under the “ Pood and Drugs Act.'' 

Milk Chocolate Powders. 

The remarks made under Chocolate powders," in the 
previous chapter, apply here, with the exception that milk 
powder is added. In Chapter XVIII., Table XLVI., are 
shown some analyses of milk chocolate powders, which should 
be compared with the approximate analysis given below. 

The milk powder should be full-cream, and no other 
addition, such as of starch or shell powder, should be 
permitted. 

A good recipe is as follows : — 


Cacao mass . 


19 

Cane sugar . 


57 

Vanillin sugar 


1 

Milk powder (full-cream) 


23 


100 
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Chocolate from ixxir milk. f The^ie chocolates contain very little milk. 
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Such a powder will give, on analysis, approximate figures 
as follow : — 

Per cpnt. 


Moisture , . . . .1-0 

Sucrose ..... 5^-0 

Ether extract .... 15*2 

Butter fat ..... 6*6 

Casein ..... 6-0 

Lactose ..... 7*0 


Too often, how<wer, the milk ]>owder will be from 
skimmed or sei)ara1ed milk, and mixtures of starch and sliell 
j)owder will l)t‘ found to be incorporated, with th(^ result that 
an inferior article will be produced, which will prejudice the 
])ublic against all such preparations. 

Nut Chocolates. 

Hazel-nuts, almonds, j)ea-nuts and })ine-nuts are all used 
for ])roducing chocolates of nutty flavour. In maii}^ coun- 
tries and fac'toi’ies, it is customary to include small quantities 
of nuts, either to produce a characteristic flavour or fpr 
softening the hardness of a ])lain chocolate. The oil, which 
the nuts contain, lowers the melting point of the cacao butter 
and can be detected by chemical analysis, as seen in a. later 
chapter. 

bpecial nut chocolates, frequently containing the whole 
nut of the hazel, almond, pine or even walnut, are to be 
found in confectionery shops under fancy names which show 
that such additions have been made. In America, the 
“ Almond Bars ” are especially popular, though it is usual 
to find quite a large proportion of pea-nuts injcluded. Large 
quantities of nut i)aste are often added to the ca<*/ao mass and 
sugar in these cases, and, when used, it is certainly desirable 
that the nuts be roasted previously to being ground and 
added. Even when the precaution of roasting has been 
taken, maggots will frequently develop in nut chocolates. 
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and considerable trouble between manufacturer and retailer 
may arise from this fact. ' Besides killing the natural insect 
life which is })rGsent in 90 per cent, of nuts, especially in 
shelled hazels, roasting enhances the flavour, and it is for 
this reason also that the process is to be, recommended. 

Analysis of nut chocolates will always reveal a higher 
percent age of fail than in the case of plain chocolates, as the 
nuts, themselves, contain from 30 — 40 per cent, of oil. 

The addition of gi'ound almonds, hazel-nuts, pine-nuts, 
pea-nuts and walnuts will slightly lower the saponification 
value of the extracted fat and will considerably raise the 
iodine value. 

Butter fat, or the natural fat of milk, will raise the 
saponification value by a large amount and will have little 
or no effect upon the iodine value. The impoiiance and 
estimat ion of these values will be considered in later chapters. 

A good nut chocolate may be i)repared from either of the 
following recipes : — 



I. 

11, 

Cacao mass 

28 

17 

Sugar 

42 

35 

Roastcul liazol-nuts, 



almonds or i)ea- 



nuts in paste 

27 

40 

Cacao butter . 

3 

8 

Vanilla . 

to flavour. 

to flavour. 


100 

100 


More cacao butter will have to be added if whole nuts are 
used. The method of procedure for manufacture will be 
the same as fof plain or milk chocolates, already described, 
though some difficulty may be experienced in moulding, 
which should be conducted at the lowest possible 
temperature. 
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It is unfortunately true that, during the war, milk choco- 
lates and nut chocolates have been subject to adulteration. 
It is less a question of including harmful iMgredients than of 
supplying to tlie })ublic a product under a misleading title. 
We know of cases, j^vhere chocolates have been sold under the 
namci of “ Milk Chocolates,*’ that only contained miiiut(^ 
proportions of milk solids, whilst the remainder of the 
albuminoids were sup])lied from treated ])ea-nuts. Whilst 
we do not consider such acts criminal, we musti (eiuu thtun 
dishonest. 

Date Chocolate, Egg Chocolate, etc. 

To the making of special and fancy chocolat<^s there is no 
end. Chocolate is on<‘ of the few ])leasant, yet highly 
nourishing and comparatively cheap, foods which will bk^nd 
with most things, even with [)e})permint, and, as a mattia’ of 
coui’se, it becomes the plaything of diet(dicians and food 
cranks. Moreover, the well-deserved popularity of milk 
chocolate, which was the first real de})arture from the 
straight article, has raised hopes in the breasts of manufac- 
turers that a similar demand might be created among the 
masses for such articles as Date Chocolate, Egg Chocolat.e, 
Malt Chocolate, et c. ; hence t.he number of ])atents that can 
be found for the manufacture and composition of these 
preparations. 

Mapleton’s Nut Food Com})any, Ltd., in a British 
patent of 1918 (118,052), claims a patent, for preparing food- 
stuffs, which consists in treating cacao beans so as to produce 
a paste, reducing fruit from the date tree or date palm to a 
smooth i)ulp, and mixing the two together. • The proportion 
of 2 to 8 lbs. of dates to 1 lb. of cacao beans is suggested, and 
the patent covers the use of apples, pears or apricots for the 
same ])urpose. The author has seen this preparation, but 
has no analysis of it. In 1917, a sample of Date Chocolate 
from France, however, was analysed and showed the 

m.r.. 20 
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addition of Home 10 per cent, of stoned dates to a normal 
chocolate. This confection^ presumably, had been prepared 
for supplying a (dieap but palatable chocolate during the 
shortage of cane sugar. The analysis showed : — 


Analysis of a Date CJiocoltite. 


Moisture . 


Per cent. 

. 5-56 

Ash . 


. 1-83 

Fiuctose . 


. 7-40 

Cane sugar 


. 31-20 

Fat, 


. 28-70 

Fat-free cocoa and other solids 

. 25-31 


An English patent was applied for, in 1914, by Bates for 
tlie manufacture and composition of an egg chocolate con- 
sisting of a suitable mixture of roasted and shelled cacao, 
dried milk, dried yolk of egg, agar-agar and sugar. 

In 1909 (English Patent 18,337), claim was made for a 
process for the production of a dietetic and laxative or 
neutral cocoa or chocolate material, “ consisting in adding 
to the cocoa or chocolate certain micro-organisms or enzymes, 
being ferments which are able to develop lactic acid in the 
digestive organs from carbohydrates contained in the cocoa 
or chocolate without the formation of gases.” Numerous 
instances, similar to the last, could be quoted, but such 
preparations must have only a very limited sale, so long as the 
chocolate-consuming public does not seek to find cures in its 
confections. 
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MILK CHOCOLATE AND *‘CHOCOLAT FONDANT*’— 
METHODS OP MANUFACTURE 

Milk Chocolate. 

It must be assumed, at the outset, that Milk Cliocolate is 
to be prepared from cacao mass, sugar, full-cream milk and 
some added cacao butter only, with or without the addition 
of small quantities of harmless flavourings. This, indeed, is 
the definition of true milk chocolate, and, apart from the legal 
aspect, it is impossible to make a pleasant pre])aration with- 
out adhering to this definition. So far as the cacao products 
and sugar are concerned, they do not call for special mention 
over and above the qualities already detailed as necessary 
for good plain chocolate, though the former should be 
selected for light colour and mild flavour. The addition of 
the milk, however, is,clearly subject to infinite possibilities : — 
It may be added as fresh milk to the sugar, and the whole 
boiled down to a corfsistency suitable to be added to the 
cacao mass ; it may be added to the sugar or cacao mass as 
condensed milk,, or it may be mixed in with the chocolate 
mass as a powder. The number of patents on the subject 
is very large, and each manufacturer, rightly or wrongly, 
believes that his method of preparation is secret. If the 
product is good, the manufacturer’s pride is- not only justi- 
fiable but admirable, but too often it is assumed that he is the 
possessor of a secret which he jealously guards. 

The author has been often told that there is only one way 
of mal^ good milk chocolate, and that is from the fresh 
milk direct. The fact that the process is laborious does not 
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neceHsarily enhance the virtues of the finished product ; on 
tlie other hand, the fact that only a few of some of the best 
manufacturers of* milk chocolaie have adopted, and have 
continued to use, the )>roceHS does not lessen the possibility of 
accuracy of this whispered secret. Yet, again, the “ proof of 
Ihe pudding is in ihi) (‘atiiig ” thereof, and the author knows 
of manufacturers who are using this process, but who have 
not succeeded in convincing him that their product is 
superior. 

Looking at the matter from both the scientific and food 
sj)ecialists’ point of view, il is obvious that, if milk is employed, 
sooner or later the liquid has to be reduced to dry solids in 
the manufacture of milk chocolate. Secondly, it is clear 
t hat , according to the way the milk is reduced to dry solids, so 
will the chocolate possess a frt^sh milk-fiavour, a pasteurised 
milk-flavour, a butter -flavour or a rancid fat-flavour. The 
keeping qualities of the chocolate, too, will depend u])on its 
method of preparation. Therein lies the real secret of the 
manufacture of milk chocolate, the preparation of which 
cannot be dt^scribed in writing, excei)t in its broadest outline, 
since the final product depends, firstly, oii the quality of t.he 
milk used, its freshness, its fat-content, etc., and, secondly, on 
the processes t hrough which it passes, whether it is reduced in 
an early stage, in vacm, to a concentrated form with or 
without sugar, or boiled down with sugar in an open pan, or 
whether it is reduced, direct to the form of a powder, by the 
“ Spray or “ Drum " process. Each possible combina- 
tion of these processes will give a slightly differing result, 
till, at the two extremes, milk chocolate prepared from fresh 
milkj reduced at* a low temperature to dry solids, with or 
without sugar, and that from milk powder, prepared from 
poor milk at a high temperature, will be as different as cheese 
from chalk. No writer can do more than indicate the advan- 
tages, on the one hand, and the pitfalls, on the other, of any 
process. Trusting, therefore, in the good sense of the reader, 
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the author lias no hesitation in jiutting forward the different 
methods of manufacture in -broad outline, knowing full well 
that the long-established manufaciurer of milk chocolate 
may find the account wearisome and certainly lacking in 
viinuiuv, to which Jie may attribute the superiority of his own 
product. 

Milk cliocolates are usually preferred light in colour ; 
hence the blend of beans should be (b^terniined with this 
])oint in view. Both Java and (.i*vlon (‘acaos are light 
brown in colour and mild in flavour, so that, if used, a blend of 
these cacaos will keep the colour of tbe chocolate })ale and 
not allow tlu^ cacao flavour to predominatt' t oo greatly at the 
exp(‘nse of the milk. Trinidad, Maracaibo and Venezaielan 
cacaos may also b(^ used, but their ffavour is stronger and 
their colour is darker than tbos(^ of tJava and Ceylon, and 
they must, in conse(pience, be blended ac<M)rding to the 
requirements of t}u‘ manufacturer. 

In Germany, legislation demanded 12| cent, of milk 
solids in milk chocolates, and it is the general ])rac.tice; all 
over tlie world, for tlu^ best milk chocolates to contain at 
least that quantity, many of the best Swiss maki^s showing, 
on analysis, 20 per cent, or more. Again, the best milk 
cliocolates shoAV, on analysis, a percentage of butter fat (?on- 
sistent with the milk solids present, as indicating that full- 
cream, fresh milk, or condensed milk or milk jiowder from 
full-cream milk liad been used. Skimmed or separated milk 
powders are sometimes employed in the cheaper chocolates, 
with, occasionally, a proportion of full-cream powder, in some 
of the better brands. It is, however, wrong to suppose that 
skimmed milk powders are added in order* to (dieapen the 
liroduct, firstly, owing to the higher jirice of such powder 
over sugar, and, secondly, owing to the fact that a separated 
milk powder contains practically no fat^ and that, con- 
sequently, costly cacao butter, or its substitute, has to be 
added, in order to produce a workable chocolate paste. 
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With regard to the refinings to which milk chocolates are 
submitted, it seems desirable here to mention that, though the 
use of steel refiners is recommended for removing from the 
paste all grittiness due to cacao or sugar, cold refining on 
granite rollers is eminently suitable for milk chocolates. 
This latter process and its advantages have already been 
described, and, in the following pages, it must be assumed by 
the reader that it can be conducted after any one refining on 
the stt^el refiners, after the chocolate has been block-moulded. 
The powder, as it comes from the steel refiners, is placed in a 
“ melang(nir ’’ and run with a little added cacao butter ; 
then, after a period in the hot room or hot cupboard, when 
the temperature should not rise above 50^^ C., the chocolate is 
moulded into blocks weighing about 56 lbs. each. The 
blocks, as soon as cold and well set, are placed on a three- or 
five-roll granite refiner, which shaves off a thin layer with 
each revolution of the rollers, and a levigation of the mass is 
secured that cannot be approached by any other existing 
system. 

The use of the “ conche ’’ machine has also already been 
discussed, and, whilst it is perfectly possible to make good 
milk or “ fondant ” chocolate without such a machine, loith 
a “ conch(^” results can be obtained which greatly add to the 
qualities of the finished products. The benefits acquired by 
the use of a “ conche ” are several ; a very perfect and 
thorough blending of the ingredients employed, owing to the 
continuous and often violent motion to which the mass is 
subjected ; a rounding-off of any sharp particles that may 
have been left over after refining, brought about by the 
motion of the mass, by friction, and by the heat employed ; 
a smoothness, usually described as “ velvety,’’ which is the 
outcome of through incorporation of the ingredients, and of 
a certain degree of aeration of the mass which is inclined to be 
flat and “ dead ” after refining ; a development of flavour, 
secured both by the action of air and heat, depending upon 
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the temperature employed, which, taking place within the 
whole mass, is of a more uniforfn, soft and balanced nature 
than can be secured by the addition of flavouring matters, 
caramelised sugar or other ingredients to the mixing. 

It should be (ynphasised, however, that the temperature 
of the milk chocolate, maintained in the “ conche,*’ should 
not be allowed to rise much above IW to 110” F., as the milk 
might acquire an unpleasant flavour, against which it should i 
have been guarded up to the point of incorporation in the 
mixing. For this reason, prolonged treatment at a moderate 
temperature in a “ conche ” is recommended rather than 
quick “ conching ’* at a high temperature. 

From Fresh Milk , — The preparation of milk chocolate from 
fresh milk has formed the subject of many patents. Systems 
of concentrating the milk with sugar, or with sugar and 
defatted cacao in mixers by heat, in the open air or in vac^Wy 
have been variously devised. In one such system, a mixture 
of milk and sugar, concentrated in the open air until of a 
creamy consistency, is added, when still warm, to partially 
defatted cocoa powder. The mixture, so obtained, is spread 
out in thin layers and exposed to a temperature of 
80° to 100° C., in partial vclcuo, till dry. Or, again, cacao mass 
with sugar or milk, or both together, is dried in partial 
vacuo at a suitable temperature. 

In making milk chocolate from fresh milk, the milk 
should be pasteurised as soon as possible, or, if absolutely 
fresh and warm from the cow, should be reduced in tempera- 
ture with all [)os8ible speed. Concentration may then be 
undertaken by any of the recognised methods, the object 
being always to perform the operation at the lowest possible 
temperature and with the maximum of speed. Hence, 
vacuum condensers are commonly used, and, since sugar has 
to be employed in the manufacture of the chocolate, it is a 
more simple operation if the sugar is added to the milk, and 
both are concentrated together. 
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The addition ol sugar to the milk has a further advantage 
wiiieJi is rjiot obvious at first sight. Sugar crystals have to 
be ground t o a ‘fyie powder, unless ‘‘ ainor])hous sugar ” is 
used, befor(‘ it is mixed with the cacao mass in the pre])aration 
of chocolate. This ])ulverising of the sugar facilitates intimate 
mixing and reduces th(‘ number of refinings necessary to 
secur(s for the chocolate, a smooth <*onsistency. By, mixing it 
wit h Wat (if and reducing t he heavy syrup in the now well- 
known “ amor])hous sugar process, a soft, easily crushed 
sugar is obt ained which gnmtly assists in the manufacture of 
“ fondant” chocolat(^ In the presence of invert sugar, or 
])articularly lactos(^ in certain very small ])roportions, th(^ 
])rodnction of trne ” amorjhous sugar ” is greatly facilitated, 
and, though the saim^ product is not reproduced exactly in 
the i)r(^])aration of milk chocolate by concentrating sugar and 
milk together, crystal cane sugar, in the ])resence of casein 
and la(*tose, is rediu^ed to an ” aniori)lious ” state n^senibling 
that of true ” amorphous ^ugar,” more or less closely accord- 
ing to the care taken in its ])reparation and concentration. 
Apart from the refinings on the steed or granite refiners, this 
largely accounts for the smoothness so characteristic of the 
best milk chocolates. 

A good juoportion of fresh milk to sugar, for ])urposes of 
concentration, is 100 to 25, whicli, in the case of a full-cream 
milk, would provide a ])roportion of twelve ])arts of dry milk 
solids to twenty-five parts of sugar on complete desiccation, 
th(‘ milk cojitaining 9 })er cent, of solids other than fat, and 
8 i)er cent, of fat. Frequently, half the total sugar is boiled 
down with the milk, the remainder being added in the 
“ melangeiir,” after the cacao mass, milk and sugar have 
been dried in the hot chamber. 

When the millj has b<HUi concentrated sufficiently, accord- 
ing to the requirements of the manufacturer, to a very thick 
cream or to such concentration that it will just commence to 
grain on cooling and standing, the sweet concentrated milk is 
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added to the correct proportion of cocoa powder or cacao 
mass in a melangeiir or mixer and thorouglily incor- 
porated. It is clear that there is mnch^water still to be 
removed. This may be done either by running the doughy 
mass through a set of granite rollers and drying the thin 
sheets, so obtained, in a chocolate stove or drying room at 
about 50''.C.,or by running tlie mass down, till juirtially dry 
and granular, in a heated “ melangeur.” The former method 
is suggested as more suitable when the concentration of the 
milk has becni low, and when there is a very great dcnil of 
water to be removed, esjjecially wlion cocoa ])owd(»r has been 
us(*d. Tlie latt(n* method is more suitable when the milk has 
b(‘(‘n condensed to t he ]>oint of graining, or nearly to t hat 
degree, wlien there will be considerably less waiter to be 
removed, and wlien the violent agitation of the rollers of the 
“ melang(air ” will jmn ent the fonriation of large crystals of 
sugar, which would occur if the sweetened milk, at that con- 
centration, were allowed to st and. Tlie milk chocolat e paste 
must be completely de])riv(Hl of its water, whichever jiroc-c^ss 
is adoptcKl, and extra cacao butter has to be added, in order 
I o reduce the paste to a workable condition after the refinings 
and before moulding. 

In the case when tli(^ sheets of ])aste have been dried in 
the hot room or hot cujiboard, it is advisable to jiass the mass 
through a tine sieve, in order to prevent the formation of 
lumps in the “ melangeur ” or mixer, when, subse{iuently, 
extra cacao butter and remaining sugar (if any) are added. 
On removal from the “ melangeur,” the paste is refined and 
again treated in the hot room for some twelve hours, a 
heating wliich removes the remainder of the \vater and which 
reduces the jiaste to a suitable condition for another refining, 
or for placing in a ” conche ” machine, at about 45"" C., which 
should be run for a minimum period of forty-eight hours. 

When, however, the sweet condensed milk has been 
added in the highly concentrated state to the cacao mass and 



314 


m^OA AND CHOCOLATE 


remaiiuiig nugar (if any), the “ melangeur is run until the 
paste is nearly free from 'water and has become granular. 
Then, the (diocolaie paste or granules must bo dried in the 
hot chamber and, subsequently, refined, with the addition of 
further cacao bulter of which at least half of the total 
quantity has been kept for this i)urpose, to secure the required 
consistency. The operations that follow are further refin- 
ings, with further additions of cacao butter, and “ couching,’’ 
until the chocolate has obtained the velvety ’’consistency, 
so much desinjd. The tcanperature, 45° C., should not be 
exceeded, and the “ couching ” should be continued up to 
iiin(4y-six hours. 

From Condensed Milk , — It is more than probable that the 
chocolai e factory will not be situatt^d in a district from which 
larg(! quantities of fresh milk are obtainable. In such cases, 
the chocolate manufacturer may establish condensing plants 
in a good milk district, whence the condensed milk will be 
forwarded to the factory, or he may j)urcliase condensed milk 
in the open market. 

When the manufacturer, by jossessing his own condens- 
ing plant, can control the degree and method of concentration 
of the milk, he can ])repare his chocolate in any way to suit 
his convenience and can manufacture a product similar in 
every way to that prepared from fresh milk. If, on the other 
hand, he buys his condensed milk in the open market, he is 
often faced with the necessity of having to remove some 
60 — 70 per cent, of moisture, which can be done by any of the 
methods already indicated, though it is probable that he 
would have to instal a vacuum apparatus of some sort, to 
perform the further concentration in a suitable manner 
before adding the milk to his chocolate mass. He may, of 
course, if he wj^shes, call to his aid the hot room or drying 
cupboard to assist him in any subsequent drying-out .process. 

All the subsequent operations will be the same as those 
already described under the heading “ Prom Fresh Milk.” 
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Front Milk Powders , — In recent years, the preparation of 
niilk powders has reached a remarkable state of perfection, 
but it is only in the last few years that th(^ successful produc- 
tion of full-cream milk j)owder has been accomplished. The 
difficulties attending the reduction of fresh milk to a dry 
powder lie chiefly in the fact that high temperatures, even 
that necessary for pasteurisation, impart to the milk a cooked 
flavour. For this reason, concentration to condensed form is 
conducted at as low a temperature as possible in partial 
vacuo. On the other hand, if the milk is not sterilised or the 
reduction to a })owder takes j)laco over too long a ])eriod, 
when oxidation of the fat occurs, or at too liigh a temperature, 
when a cooked fat flavour is imparted to the milk powder, 
the product suffers con‘<iderably, and the “ cowy ” flavour, 
so often mentioned to the author in America, becomes 
apparent in the finished cliocolate. 

Milk may be reduced to a powder, after a preliminary 
concentration, by i)assing it, in a thin film over a heated drum, 
or by the “ spray process, when the milk in the form of a 
fine spray is passed to a heated chamber, which abstracts 'the 
water from the fine particles of milk si)ray, and from which 
the hot watery vapour is drawn off, leaving the dry powder 
to fall to the floor. Patents have been taken out for both 
processes, with numberless modifications both for normal and 
reduced atmospheric i)ressures. Again, the object under- 
lying the use of reduced pressure is to lower the temperature 
to which the milk is heated. 

In preparing milk chocolate from milk powder, the latter 
is added as an ordinary ingredient. The cacao mass, sugar, 
milk powder and some added cacao butter are thoroughly 
mixed together in a mixer or “ melangeur.” It is advisable 
to keep out from the first mixing about half the total 
quantity of cacao butter that will have to be added, since, in 
the subsequent propesses, especially the refinings, the choco- 
late paste is inclined to dry and to become doughy in con- 
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sisteiicy. One or morc^ refinings on the steel refiners may be 
carried out according to the degree of fineness required, and 
it should he nuneiybered that chocolates pre})ared with milk 
powder require more refining than those made from fresh or 
condensed milk, owii]g to the granular, slightly hard, 
})articles of milk solids which do not always refine down 
easily. Ti’eatment in the hot room or cupboards, after each 
time tli(^ ])aste is run down in a “ melangeur ” following a 
refining, is desirable though not <^ssential, and the cacao 
butter is added continually as the consistency of the 
chocolate j)aste demands. 

The chocolate conu^s off the refiiu^rs as a fine, dry, light- 
colounul powder, owing to the fact that the fat has bt^come 
distrihiited through the mass which, containing now a 
greater superficial area to be (*overed, t(mds to dry up the 
liquid fat. It is after t.hes(^ refinings that addition of cacao 
butter will be found necessary. 

As before nientjoned, the “ (*owy ” flavour is sometina^s 
overcome in Ameri(‘a by using skimmiHl or separated milk 
powder which develops l(‘ss easily tlie bad effects of high 
temperature, since it. has l>een freed almost (entirely of its fat, 
and by adding, at later stages in the manufacture of the milk 
chocolate, fresh, dairy butter fat which, consequently, is not 
submitted to prolonged or too great heating. 

All Ihe processes for the prei)aration of milk powders are 
based upon either the Just-Hat maker (drum process) or the 
Merrell-Soule (sj)ray) process, the improvements being 
usually in the method of applying the milk to the drum, the 
lioat. emplo3^ed, or the ])reliminary degree of concentration of 
the milk, whilst tjie use of a partial vacuum is yet another 
modification. The “ s}>ray ” process stands substantially 
the same to-day as formerly, with some slight improvements 
and modifications, and it is certain that, this is the most 
satisfactor}’' method, at. present deviseii, for the preparation 
of milk powder suitable for the manufacture of milk choco- 
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late. Owing, however, to the extremely fine state of division 
to which the milk solids are reduced and to the compara- 
tively low temperature adopted in its preparation, tlie full- 
croam milk powder, by this process, is liable to t urn rancid 
quickly on exposiwe to the air, and precautions to avoid this 
have, consequently, to be taken. 

Through the courtesy of Mr. Edwin P. Carpenter, manager 
of Casein, Ltd., the author is able to describe the method of 
manufacture of “ Trumilk,” which is simply pure, fresh, full- 
cream milk reduced to powder form. 

As soon as the milk is received from the farmers, it is 
thoroughly cleansed of any impurities that may have got. into 
it through carelessness or inadvertetice, by passing it through 
separators. The m^xt process is pasteurisat ion of the milk. 

The milk is then passed to the vacuum pan and reduced 
to 12 Beaume, which equals a specific gravity of 1-088. 
The reason for taking part of the water out of the milk 
in vacuo is that, by so doing, a certain amount may bet 
removed at less cost than by passing it through the hot 
chambers. 

From the vacuum pan, the milk is carried to the various 
drying chambers or units. Each unit has its separate 
chamber and pressure pump. The drying chamber is a tiled 
room about 9 feet square, heated with hot air to a maximum 
temi)erature of 76-6° C., into which the milk is sprayed 
through an aperture about j'„ millimetre in diameter, or 
about the size of the point of a needle, at 200 atmospheres 
pressure. This spray is enveloped in a current of hot air, 
drawn from a battery of steam pipes encased in insulated 
boxes. An exliaust fan draws filtered oold air through 
the heated boxes and discharges it into the heated chamber. 

The moment the fine particles of spray come into contact 
with the hot air, the moisture is immediately evaporated and 
carried off, and the solids of the milk fall to the bottom of 
the boxes. To prevent loss of any milk solids, the hot air 
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passes tlirough a series of light cloth filters which detain the 
powder, but allow the insist air to escape. A shaking 
motion frees iiie meshes of the filters from powder which falls 
into a rec'eptacle below. 

The milk powder, so produ(*.ed, is minutely fine and com- 
pletely soluble in water, whilst the natural fat, in an aqueous 
soluiion of the i)OW'der, is in a state of almost perfect emulsion, 
similar to that of normal, fresh milk. By the above pro- 
cess, the albumen of llu^ milk is retained in its normal form, 
and the enzymes of tla^ milk are not destroyed. 

There is no doubt that milk pow^der produced by the spray 
j)rocess. correctly carried out, is vastly superior in solubility 
and flavour to that made by other systems, such as the Just- 
Hai.niaker, which involve the heating of tlie milk to a mini- 
mum temperature of 100"^ C. in order t,o secure desiccation — a 
temperature sufficieni ly high to cook the albumen of the milk, 
destroy the enzymes and partially caramelise the sugar. 

There is no reason why the finest milk chocolate should not 
be ))repared from full-cream milk powder, siudi as “ Trumilk,” 
which })ossesses the natural flavour so highly esteemed. 

A remarkably uniform product is obtained by the 
“ Trufood ” }»rocess, which shows, on analysis, the followhig 
composition : — 

Per cent. 


Moisture . . . . . 1*5 

Fat 26-6 

Milk sugar, etc. .... 88*4 

Proteids 27-6 

Mineral matter .... 5-9 


Total . . . 100*0 

Analyses, made %y the author, of condensed milk and milk 
powder, prepared from pure, fresh, full-cream milk, suitable 
for the manufacture of milk chocolates, are given : — 
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Table LIIL — of Condensed Milk ami Milk 
Powder,^. 




l<'iill-cream 
milk jMJwdpr. 

• 

Coutta.* 

• 

milk. 

Full-cream 
milk powder. 

Skimmed 
lulik i)Owder. 

Moisture 

Per cent. 

Per cent. 


Per cent. | 
7-73 

(14 IH 

2-50 

5 75 

Fat .... 

10-92 

25-00 

20 .34 

1 .3.5 

Proteids 

9 52 

27-20 

24 40 

.32 20 

Total solids . 

35-84 

97 .50 



Ash . 

2-10 

5 

0 .55 
.30 73 

7.30 

Hydrated lactose . 

— 


50-38 

Nil. 

Cane sugar . 

■ 

Nil. 

Nil. 


The subsequent treatment of tlie milk chocolate in ihe 
“ conche ” machine is the same as that already described, and 
it should be continued till the chocolate paste has accpxired 
the necessary velvety ” smoothness, though it is desirable 
again to empliasise that temperatures above 56° C. should 
not be employed in the manufacture of milk chocolate. 

In moulding milk chocolate, great care has to be taken 
that the moulds are thoroughly clean and frequently washed. 
Neglect of this precaution will cause the chocolate to stick to 
the mould, and dull patches are liable to appear on the surface 
of the moulded chocolate. The more liquid fats and oils, 
curiously enough, cause these dull patches on the surface of 
the tablets, so that plain chocolate, moulded immediately 
after milk chocolate in the same moulds, will often be found 
to suffer from this defect, unless the moulds have been 
thoroughly cleansed after they have been used for the milk 
chocolate. It is also a fact that milk chocolate can be 
moulded at a lower temperature than plain chocolate and 
that the former cools more slowly than the latter. A 
tempering machine, for obtaining^ the chocolate at a correct 
temperature for moulding (about 34° C.) . should be employed . 
if the mass in the “ conche ” is too cold or too hot. 

♦ Dr. Coutts, Loe€U Government Board Food Report, 24, iii., 1018. 
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“Fondant” Chocolate. 

Ah has already been slated, “ fondant ” chocolate differs 
from ordinary f)lain chocolate only in its “ velvety ” 
smoothness, secun^d by an increased j)ercentage of added 
cacao butter and by the extremely fine state of division to 
wliich each ])article of thc^ chocolate mass is reduced. 
Analyses of “ fondant ” chocolates have been given in a 
I)revious chapter, and it will be realised that it is largely the 
method of preparation that secures for thest? chocolates the 
individuality characteristic of many well-known brands. 
On the other hand, care in selection of the blend of beans 
must not be ignored, and tlui characteristics of the differetit 
cacaos must be boriie in mind when constructing a reci})e. 

A “ fondant ” chocolate may be mixed from the following 
extremes of cacao mass and sugar, the higher tlu^ percentage 
of sugar, the more cacao butter that, necessarily, must be 
added : — 


Cacao mass 
Sugar 

Cacao butter 
Vanilla or Vanilla sugar 


25 to 45 ])arts. 
00 to 50 ,, 

14 to 4 „ 

1 


100 to 100 


The cacao mass should consist of partially roasted nibs 
of a good blend of cacaos, should be free from husk, and 
milled to a fine state of division. The sugar should be either ' 
finely pulverised crystal sugar or, better, “ amorphous 
BUgar,” prepared according to the method briefly outlined 
in a former chapter. All the cacao butter should not be 
added to the mixing at the beginning, but at least half should 
be kept back to ^dd, a little at a time, to the chocolate mass, 
placed in tlie “ melangeur ” after each refining. 

Subsequent processes are substantially the same as in the 
manufacture of milk chocolate. Thorough mixing followed 
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by refining on the steel refiners, a short working in the 
‘‘ melangeur with a little added cacao butter, a short 
treatment in the hot room, blocking off and cold refining on 
granite rolls, further treatment in the “ melangeur,'’ a 
second refining oi\the steel refiners and another cycle or two 
of these processes, as desired, are all identical with the 
procedure adopted in the manufacture of milk chocolate. 
It is in the last stage, when the chocolate is heated and worked 
in the “ conche ” machine, that the procedure differs. If tlie 
cacao nibs have been fully roasted, the processes of manu- 
facture of “ fondant ” chocolate Jiiay be said to be identical 
with that for milk chocolate, since the tem])erature should 
not be allowed i.o rise sufficiently to cause a further roasting 
of the cacao. In mixing, say for thirty minutes, the mass 
does not rise above 45 "C., and ea(4i refining on water-cooled, 
steel rollers lowers the temperature of the mass to about 
30"^ C. Each tre^atimait in the mt4angeur ” for an hour 
or so do(^s not- again raise the tem[>erature above 45'" C., and 
the hot room should not be above 0. Thus, in normal 
working for fully roasted beans, tlu^ maximum temperature, 
reached, is about 50° C. If the chocolate mass is then })laced 
in a “ conche ” niiichine, the temperature should be main- 
tained around the maximum employed up to that time, if 
consistency alone is sought, though, in order to impart the 
slight caramel flavour also, a temperature not above 65° C. 
sliould be employed, as, otherwise, the cacao will burn or 
become over-roasted. 

With partially roasted cacao, however, the final roasting 
and development of flavour are allowed to take place in the 
“ conche ” machine, and higher temperatures and longer 
treatment are, therefore, necessary. The general rules for 
roasting cacao beans for a half-roast have already been given 
in an earlier chapter, and it is clearly impossible to state 
exactly how long, or how much, the chocolate mass should be 
subsequently treated in the “ conche,” in order that the full 
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flavour of the cacao should be developed. But, it may be 
stated broadly that a gently applied heat over a long period 
gives the best result in a “ conche ” for “ fondant ” chocolate, 
not only because the finishing point can be more easily 
determined, but also because the developing flavour is more 
evenly attained and distributed through the whole mass. 



Fia. 24. — Large Size, New Design “ Conche ” Machine. (See p. 322.) 

By permiMion of Memn. Jogeph Boker, Sons, and Porkint, Ud. 

The “Conche” Machine. 

The modem “ conche,” or horizontal machine, has been 
designed for thg purpose of giving a fine finish in appearance, 
flavour and consistency to milk and “ fondant ” chocolates. 
It consists, essentially, of a tank with granite, or steel, bed 
upon which we made to run, to-and-fro, granite rollers 
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attached to a long arm, fixed to one side of a central 
circular drive. 

The tanks are capable of being heated to high tempera- 
tures, for the purpose of carrying out the Swiss half-roast 
process of manufacture, and are often constructed of large 
capacity and in batteries. In the machine, illustrated, 
(Fig. 24) there are four tanks, together capable of holding 
from 2 to 2|^ tons of chocolate, and the floor space occupied 
is, approximately, 18^ feet by 7| feet. The special 
advantages of the conche ” have already been considered 
in Chapter XVI. 



CHAPTER XXII 


r:()VERiN(;-nnoooLATK — manufacture and analyses — 

USE f)E “CHAMPION” COATING MACHINE, AND “ENROBER.” 

In Cliapi.er XVL, quick methods of manufacturing 
C()V('i’ing“cho('o]at(‘ have becai discussed, and the valiu^ of the 
“ Rausman Disc ” machine, “ Walker ” machine and corn- 
hiiK'd st(*a in- jacketed kettle; and “ melaiigeur,” etc., lias 
be(;n consid(;red. 

In the; mamifacture of coveaing-choe^ejlate, no less care 
should be e*X})endeHl, if a good j^rejiaration is to iTSiilt, than 
shoulel be iaken in the manufaeture ed' ])lain e^a ting-chocolate. 
It is ofteai imagine;d that any clmcolate; is gooel enough for 
covea'ing soft eaentivs, fruits, biscuits, etc., and it is not 
uncemimon t o tind the outside ceiating of t he;se confections t o 
be little; bet te;r than ]>o\vde;red husk, sugar and cacao butter 
substitaite;s, artilicially Havoured. This is a very great 
mistake, for, whilst it is true that the stuteu)f refinement need 
not be so int.t;nse, owing to the gritty nature of the centres, 
a poor-flavoured chocolate greatly detracts from the subtle 
blending of flavour that should be experienced from a 
correct combination of fruit or other confection with that of 
cacao. There is nothing so pleasant as a cherry cream 
flavoured with Kirsch, the whole covered with a thin coating 
of fine chocolate, or the delicate flavour of orange-flower 
water in combinvition with almonds in a good, soft nougat, 
that blends perfectly with a good covering of chocolate, on 
the palate. Bu^ on the other hand, a rough covering- 
chocolate, strongly flavoured with coumarin, so often en- 
countered at the present time, is positively objectionable in 
combination with even the finest flavoured centres. 
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The method of manufacturing covering-chocolate is, up 
to the i)oint of refining, id(uitica> with t hat of the best eat ing- 
chocolate. The best beans are selected, carefully roasted 
and shelled, and the nibs milled and mixed wit h sugar and a 
sufficiency of cacnio but.t<u‘ to bring the whole into a [dastic 
mass. Subsequent tn^atnient depends iij)oii the system of 
refining to be em])loyed. Since, in order to secure an even 
and not too thick a coating, the cho{*olate must, be very i 
limpid, there must always be in covering-chocolate a largtu’ 
percentage of fat tlam will be found in tlu) best eating- 
chocolates. This certainly simplifies the manufacture of 
CO vering-cl iocola.t(‘. 

Th(^ pric(^ of cacao but. ter does, of (*ourse, t o a large <‘xtent 
govern tli(‘ amount, of fat. that will be found in covering- 
chocolat(‘s. Thus, in 1914, analyses, made in tla^ author’s 
laboratoiy, showed 98 — 40 ])er cent., of fat as the usual 
amount. ])res<ait in the b(^st known coverings, whilst, more 
recently, in 1920, covta’ing-chocolates, ])urchas(^d in the open 
market, showcal figures more near to 95—37 j)er ctait. 
Chocolate containing anything above 95 per cent, of fat 
will work widl for covering ciaitres, su(*]i as creams, bis('.uits, 
etc., though the higher figures, 98 — 40 })er cent.., would be 
preferable for ma,(4iine covering, and in cases where only a 
very thin coating of chocolate is required. For cho(^olates 
going to warm climates, the amount of fat should be kept 
down to a viinivinm, as a very soft chocolate is inclined to 
run and to discolour easily. 

A movement began, in 1908, at the Geneva Conference, to 
standardise chocolate, but there was, very naturally, a. great 
divergence of views as to the desirability of such a stan- 
dardisation, for the most obvious of reasons that each manu- 
facturer had develoi>ed his own system of manufacture and 
was accustomed to include any ingredients that he thought 
fit, in accordance with his conscience. One British firm 
suggested that covering-chocolate should be defined as that 
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“ which contained additional cacao butter or wholesome 
vegetable fat, the total fat amounting to 31 to 32 per cent/* 
N. P. Booth, analytical chemist to Messrs. Cadbury Bros., 
pursued the subject again at the “ Seventh International 
Congress of Applied Chemistry ” in 1909, ^hen he deplored 
the fact that, in Great Britain, any compound containing 
but a small percentage of cocoa could be sold under the name 
of chocolate. Booth suggested definitions, amongst them 
being one for chocolate-covered goods as “ denoting forms of 
confectionery covered with chocolate, the composition of the 
latter agreeing with the definition of sweetened chocolate.** 
Sweetened chocolate, he suggested, should be defined as 
** A preparation consisting exclusively of the products of 
roasted, shelled, finely ground cocoa beans, and not more 
than 65 per cent, of sugar, with or without a small quantity 
of harmless flavouring matter which, if present, should not 
exceed 2 per cent.** 

As it stands at present, covering-chocolate may consist of 
anything tasting similar to chocolate. That this was true 
then, as now, is seen by the writings of one author of pre-war 
days, who states that the idea of standardisation of chocolate 
was looked upon with favour by the makers of the more 
expensive chocolates, but pointed out that “ it would exclude 
a large multitude of articles now sold as chocolate, and which, 
while wholesome and toothsome, might be placed at a 
disadvantage if too limited a definition came to be adopted.** 
There was determined opposition on the part of those who 
carried on what was regarded as a “ perfectly legitimate and 
acceptable trade.’* 

At the “ International Congress of Cocoa and Chocolate 
Manufacturers ’* held in August, 1911, at Geneva, resolutions 
were passed defimng Cacao paste, Cocoa powder, Chocolate 
paste. Chocolate powder, Milk chocolates and Covering- 
chocolate on the lines adopted at the Geneva Congress of 
1908 , but the Secretary of the “ British Manufacturing 
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Confectioners’ Alliance ” frankly stated that the important 
manufacturers, whom he represented, would not, as a whole, 
recognise any resolutions which the Congress passed as in any 
way binding upon the British industry. Some British 
manufacturers, indeed, had shown their determination to 
keep their hands entirely free, by refusing to take any part 
whatever in the [)roceedings, even to the extent of giving 
him their proxies. 

A good covering-chocolate may be ])repared from the 
following recipe : — 


Bitter chocolate . 

. 30 

Sugar .... 

. 49 

Vanillin sugar 

1 

Cacao butter 

20 


100 


It should be understood, however, that the manufacturer, 
who considers the quality of his products, cannot afford to 
use inferior cacao mass for his covering-chocolate. Just the 
same care, as is exercised in selecting and treating the beans 
for eating-chocolate, should be taken in the preparation of 
covering-chocolate, and all the other ingredients should be of 
the best. 

The next table shows some analyses of covering-choco- 


Table LIV . — Analyses of some Covering-Chocolates- 



I. 

II. 

III. 

IV, 

V. 

VI. 

VII. 


Per 

Per 

Per 

Per 

Per 

Per 

Per 


cent- 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

Moisture . 

100 

0-84 

2-34 

1-12 

2-10 

0-80 

2-60 

Ash . 

1-26 

M4 

1-60 

1-20 

1 90 

1 42 

— 

Total fat . 

42-18 

36-28* 

36 30 

34-41 

• 33-78* 

36-10 

34-78 

Cane sugar 

Dry fat-free cocoa and 

46-09 

60-82 

44 92 

49-60 

60-90 

61-03 

61-00 

added starch, if any . 

10-46 

11-92 

14-84 

13-71 

1132 

11 95* 

10-61 

Added starch 

Nil. 

Trace. 

Nil. 

Nil. 

Some 

arrow- 

root. 

Nil. 

NU. 


* Caciio butter eobetitutee detected. 
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lates, made in the author’s laboratory, at different times. 
Considerable variations oc^^ur, but the analyses have been 
made sometim(?s from bulk samples of chocolate, sometimes 
from the chocolate removed from biscuits, soft cream centres, 
etc., and the latter are, therefore, subject to such imperfec- 
tions as may aris(^ from the technical treatment of the 


Table ] j \~~ Analyses of some American Plain and 
Milk Covenmj -Chocolates. 



1. 

11. 

111. 

IV. 

V. 

VI. 

Vll. 


Plain 

< 'ocoa 

Milk 

(’(mtinii. 

Milk 

(dating 

Plain. 

Milk. 

Milk 

('an<‘ .sufiar . 

4.") on 

.\-/ 

31 07 

48 13 

48-35 

44-70 

50 24 

Ether <*xl nu t, 

:tt) 05 

40 05 

35-55 

33 00 

34 10 

35 20 

32 75 

('rn(l(‘ fil)re . 

1 :i4 

3 07 



1 .30 

.. - j 


AkIi .... 

1 5:i 

3 tl3 



1-48 


— 

Water-insol ubl(‘ ash 

0 so 

2 11 

— 

-- 

. — 

— 1 

— 

Water-Holuhle asli 

0 04 

182 



-- 

, — 

1 


Acid -insoluble ash 

0 hi 

0 14 



— 

— 


— 

Alkalj-insoluble ash 

1 2 

•) If, 

— 

— 

— 

— 

- 

Alkali -soluble ash . 
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chocolates during covering and from the centres which they 
cover. • 

The above figures, sent by Dubois to. the autlior, show 
the analyses of some American plain and milk covering- 
chocolates (Table LV.). 

It will be seen that, botli ])lain and milk chocolate cover- 
ings are made, the latter particularly in America, where the 
public seem to like very liglit milk coverings and very dark 
plain chocolate coverings, so much so that,, in iho latter casts 
artificial colours are often added to products dark or almost 
black chocolates. 

The analyses, shown, do not (*all foi* any s])ecial remarks, 
the chocolates, botli in England and Ameri<*a, btang very 
similar in composition. On the othta- hand, so many of tlu^ 
chocolat.e coverings, (*xamined, hav(‘ htnai found to contain 
cacao butt er substit utes thai, sim^.e it is known also t hat t his 
method of cheaj)ening the goods is commonly practised, it is 
high time that some form of legislation existed on the subject. 
The ])ra(*,tice of adding cacao butter substitutes is harmless in 
itself, seeing t hat t he fats, used, are (piite innocuous and (H|ual 
to (‘acao butter in food-value, y(^t, it is certainly d(.‘sirable that 
the public, should kpow what it is eating, and, for this reason, 
that the addition of cacao butt(^r substitutes to any form of 
chocolate should Ix^ notified on the lab(*l of the container 
holding the confections. 

Tlie addition of “ substitutes for cacao butter to 
covering-chocolate may liave the advantage of raising the 
melting point of the combined fats, though palm oil, recom- 
mended by more than one confectioner for the imrpose, has 
not this advantage, seeing that its melting point is slightly 
lower than that of cacao butter. Many of the vegetable 
stearins can, however, be used to raise the melting point of 
the chocolate and, as before remarked, though without any 
deleterious effect upon the health, their presence should be 
notified on the label for the public benefit. 
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Tempering Machinery. 

In preparing covering-fchocolate for the covering tables 
or covering machines, it is necessary to ensure that the 



Flo. 25.— Steam-jacketed Chocolate Mixing and Kneading Machine. (See p. 331.) 
permistiQn of Jietwf. Jotrph Sotu, and PetHnt, Ltd. 

chocolate paste is at the correct temperature. For this 
purpose, tempering machines, such as have already been 
described for obtaining chocolate at the proper temperature 
for moulding, can be employed. A water-jacketed “ melan- 
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geur, or steam-kettle, may be used, or a chocolate kneading 
machine, as illustrated (Fig. 25), %vill be found very conve- 
nient and suitable. This rnachine has a ^team-jacket, for 
warming the chocolate, and is provided with two speeds and 
a reverse motion wjiich is used for discharging. The mixing 
arms have been specially designed to ensure uniform kneading 
throughout the mass. Machines to contain as much as 
1,800 lbs. have been built, and the chocolate manufacturer 
can rest assured that there is no more useful an addition to 
his factory than one or more of these mixers or kneaders, 
which can be put to a number of uses besides that of temper- 
ing or kneading chocolate for covering purposes. The writer 
has seen this machine used for making the original mixing 
instead of a “ melangeur,” for blending alkali with the nibs, 
and for subsequently drying out the moisture, for all of which 
purposes this mixer, blender or kneader is eminently 
suited. 

Process of Covering “ Cream ’’-Centres, Biscuits, etc., 
by Hand and by Machine. 

The application, of chocolate to the exterior of sweet 
confections, candies, biscuits, etc., has received a great deal 
of attention on the part of the manufacturer. Many 
chocolate-covered goods are “ things of beauty ” if not 
“ joys for ever,” and their attractiveness in appearance goes 
far towards establishing a demand. 

In small chocolate factories and for the highest class of 
fancy chocolates, all the covering is performed by hand, not 
only because a machine would be out of place in dealing with 
comparatively small quantities, but because the softness of 
consistency of many of the best centres necessitates the 'most 
delicate handling. 

Hand-covering, — ^Hand-covering is usually conducted by 
girls who sit round a metal table, kept at the required 
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temperature, upon which are placed small quantities of the 
liquid covering-chocolate. The chocolate must be about 
31° C. when used for covering, and the finish of the goods 


Fio. 20 — “ Champion ' Coating Machine. (See p. 333.) 
By penniSitioH of Me^ST«. Jo^^’ph Baktr, Sohk, und Perkim, Ltd. 
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depends very greatly upon the steady maintenance of 
temperature. 

In many factories, the centres are di}>yed, literally, by 
hand, that is to say. the cream, nougat, et(*., is di})])ed with 
the fingers into the^ chocolate, transferred to a highly glazed 
piece of paper or “ plaque,” and the decoration put upon it 
with the tip of the finger. In other factories, a light two- 
pronged fork is used, and the ” cream ” is dip})ed beneath t he 
chocolate in a bowl in front of the o})erat()r, who ])iit.s the 
marking upon the chocolate with the jirongs of the fork. 

As the correct tein])erature for cooling chocolates to 
obtain the best finish has already" beesn discussed, it is not 
pro])Osed here to deal with the various methods of cooling. 
Suffice to say that, many of tins chocolates a,])])eariiig on tlici 
market are spoihsd by inattention to this conside^ration. 

We will now turn to two nadhods of covesiing by machi]u\ 

The “ Chanipwfi ” Coating Machine . — This ma(*hin(‘ (Fig. 
20), manufactured by Messrs. Josi‘j)h BakiT, Sons, and 
Perkins, Ltd., is designed for the coating of basket goods 
in large (piantit ies. 

The machine consists of a, doubles cast-iron pan, fornu^d 
to make a well for t:he chocolat.e, and an inclined tables to 
drain the chocolate from a ta])})ing table ba(;k to the well. 
The pan is heated by means of a hot-water chamber bet, ween 
the inner and outer })an, and the chocolate is kept at a 
uniform temperature in the well by means of a recking 
agitator, which is run independently of the dipping and 
tapping- 

The goods, to be covered, are held in position in the baskets, 
during dip[)ing, by means of a wire screen, suspended 
over the basket, which is released on the down motion of the 
basket but which is held firmly on the top until the basket 
has returned to its stationary position. The screen is then 
automatically lifted, allowing the basket to be moved 
foi*ward on runners to the tapping brackets, and another 
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basket is placed in position from behind the machine, ready 
for the dipping operation when the clutch is released. 

The dipping piovement is controlled by means of a lever 
which releases a clutch, and, on completion of one dipping 
motion and the return to the top of the stroke, the clutch 
is thrown out automatically, and the dipping arms remain 
at rest. 

The tapping guides are supported in slides by two 
vertical rods, attached to a cross-lever controlled by the 
pressure of the operator’s foot, so that light or heavy 
tapping can be obtained at will. 

When sufficient tapping has been applied, a sheet of 
glazed paper, or a tin “ plaque,” the same size as the basket, 
is pla(‘.ed on the top and held in position by means of a light 
hand-board. The siq)porting arms holding the basket are 
ti])ped over on their axles, till the basket is inverted, when 
the covered goods drop on to the paper or tin and are ready 
for the cooling room. 

It should be observed that the baskets are, in reality, wire 
trays, divided into partitions of sizes suitable for the indivi- 
dual goods, to be covered. Girls fill the trays or baskets with 
the centres to be covered by hand, taking the empty basket 
from the side supports of the steam-heated drip-tank into 
which the emptied trays have been slid, after removing the 
contents on to the paper or “ plaque.” It is advisable to 
place the trays or baskets, during filling, on steam-heated 
metal-covered tables, so that the chocolate does not solidify 
on the wires. 

Six baskets or trays are supplied with each machine 
and are, of course, made to suit the customer’s goods. 

Another great point in favour of this machine is 
that ' it is self-contained on its frame and requires no 
foundation. ^ 

We have seen the 2-h.-p. “ Champion ” Dipper at work 
in many plaoes, and the machine is especially suitable for 
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covering biscuits and medium-sized goods which usually lake 
a very large quantity of chocolate to cover. For this reason, 
the “ Champion ” Coating Machines, with the violent tapt)ing 
action are to be preferred for this cla^ of work to the 
“ Enrober,” which requires a more liquid chocolate for 


Fig. 27. — ^The “ fiirober ” Covering Machine. {.See p. 336.) 
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satisf actor}’’ working, or a higher temperature, which is apt to 
impart a reddish colour iso the chocolate on the finished 
goods. Any amoijnt, from 10 to 20 cwts., of chocolate pieces, 
according to the size of the goods to be covered and to the 
skill of the operator, can be turned out by one of these 
machines per day, and three girls, only, are required to 
attend each Dipper. 

The “ E7iroher ” (Fig. 27). {Messrs, Sany, Jeanjean & Gw,, 
Peris.) —Although made up of a great many parts, the 
“ Enrober " is constructed on a very simple })rinciple. It 
consists, (^ss(aitia-lly, of an iron case, about d feet square and 
7 feet deej), which carries the chocolate tanks, hoppers, 
heating ap])aratus, belt-conveyers and driving gear. It will 
turn out anything between 2,000 and 0,000 lbs. of finished 
goods in t.en hours. 

The pieces are fed into one end of the machine on a 
travelling canvas belt ; they th(ai pass on to a win) belt- 
conveyer, within the case, where they travel through a 
cascade of li(piid chocolate. The surjdus chocolate is removed 
by an air blast and by a slight ta})])ing movement, and 
the goods, after leaving the case, i)ass on to “ plaque^ ” on 
another travelling web-belt, whence they can be removed 
to a cool room or passed continuously through the cooling 
chamber, attached to the machine. 

Except when placed on the feeding belt, the goods never 
need to be touched by hand, until ready for packing. An 
automatic feeder has now been devised for distributing the 
goods on the feeding belt, and one girl, with this attachment, 
can keep the “ Enrober busy. 

There are t^y.o or three refinements, more recently made 
to the “Enrober,’' one of which is the “bottoming ” attach- 
ment which allows a specially heavily coated bottom of choco- 
late to be put lipon the gbods. Another refinement is the 
Kihlgren system for decorating the tops of the chocolates. By 
the Kihlgren system, the goods emerge from the “ Enrober ” 
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and pass beneath minute streams of chocolate, squirted 
through very narrow pipes, the *speed and direction of the 
attachment determining the pattern. • 

Only 3 h-p. are required for driving the “ Phirober,” 
including the Kildgren and “ bottoming ” attachments, the 
Enrober,” alone, only requiring 2 hq). With the Kihlgren 
attachment, the output falls by about one-seventh, as the 
goods have to be adjusted, to a nicety, as they pass beneaih * 
the streams of chocolate. 

Though this rnacliine is, in every way, satisfactory for 
coating creams, nougats, biscuits and even larger articles, it 
suffers from one disadvantage, namely, that the (diocolate 
must be in a very liquid state, if the coating of chocolate is 
not to be thick. This implies either that a large (luantity 
of cacao butter must be added to the covering-chocolate 
or else higher temperatures, that are inclined to leave 
the articles with a poor finish, must be em])loyed. The 
same remarks apply, at present, to all automatic covering 
machines. 

The working process is as follows : — 

The chocolate is first put, at a temperature of about 
, 90° F., into the diocolate tank under the machine, the 
temperature of which is regulated by the steam-heated, 
water-jacketed tank, so that the bulk of chocolate is main- 
tained constantly at the required temperature. The choco- 
late is continually stirred in this tank by means of revolving 
paddles. 

The goods are fed on to the first feeding table between 
steel rods which ensure that they do not touch each other. 
Travelhng along this table on a moving cahvas band, they 
are delivered on to a short revolving wire which, in^turn, 
carries them over the roller of t];ie bottoming attachment. 
This attachment consists simply of a small water-jacketed 
tank containing chocolate in wWch the bottom half of this 
roller is immersed. In passing over this roller, the goods, in 




Fio. 28. — The “ Enpholda ’ Automatic Covering Machine, with Cooling System. (See p. 340.) 
By permiHgion of ilesxrs Bramigk d’ Co , Lotuion. 
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the first instance, are covered on the bottom with chocolate 
and delivered on to another carfvas band which runs on top 
of a shallow tank, filled with cold water. By the time the 
goods reach the end of this cooling table, the chocolate on the 
bottom is set, ajid the pieces are delivered on io a long 
travelling Wire band passing through the machine j)roper ; 
here, the chocolate, in the tank in the bottom of the machine, 
is lifted by a revolving drum elevator and delivered into a • 
distributing box, from which \i is poured in two streams over 
the goods as they pass through on the wire band, the surplus 
chocolate running down through the wire and returning to 
the main tank in the bottom of the machine. 

Immediately following the distributing box, the goods, 
now covered with a thick coating of chocolate, ])ass under- 
neath the outlet from a fan, and the current, of air, so 
produced, blows off some of the surplus chocolate. 
Following this, the band is agitated by ratchet, pawls, by 
means of which the goods are shaken, so as to distribute the 
remaining covering of chocolate smoothly and evenly over 
the whole surface. 

This operation being completed, and the goods having 
reached the end of the wire band, the pieces are now deli- 
vered on to the delivery table which carries the embossed 
paper “ plaques ” on a travelling canvas web, the goods 
bciing placed in straight lines on to these papers as they go 
round. 

The outer end of this delivery table passes int.o the cooling 
chamber, enough space being left between the machine and 
the entrance to allow operators to perform a certain amount 
of hand-marking on the top of the pieces, •when required. 

The speeds of all travelling bands, chocolate elevator 
and fan are capable of being varied, independently, according 
to the class of goods or thickness of covering, required, and 
all the controls are brought to within easy reach of the 
senior operator of the machine. 

22 — a 
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The Enpholda (Fig. 28 ). (Messrs. Lehmann, Dresden.) 
— This machine has been specially designed for simplification 
in construction, so ihat all the working parts can be readily 
reached. In other respects, it resembles the '‘Enrober very 
closely. The makers of the ‘‘ Enpholda ” clajm several advan- 
tages over other machines, used for the same purpose. For 
instance, the tank containing the covering-chocolate runs on 
wheels and can be drawn out, thus making it conveniently 
accessible. 

This tank has, too, a large outlet and will automatically 
empty itself, when it is desired to change any of the covering- 
chocolate. The travelling wire band, unlike those on other 
covering machines, is made in sections, so that not only is risk 
of sagging overcome, but, in cases of breakage, the part can 
be moio easily replaced, and, if spare bands are not available, 
the remaining bands can be continued in use. The heating 
of the working parts is done partly by steam and partly by 
electricity, or gas. The chocolate mass is, moreover, brought 
up by a pair of rollers which grind any small lumps that may 
occur in the mass, thus removing all risk of clogging. 

The centres pass beneath the cascade of chocolate in the 
same way as in the Enrober,'' and, by a mechanical arrange- 
ment, the chocolate is also raised from below, thus covering 
the bottoms as well as the tops of the goods, while they are 
travelling on the endless wire band. A blast of air from a 
fan, as well as a shaking apparatus, removes the surplus 
chocolate, and, by adjustment of these devices, almost any 
thickness of covering can be secured. On leaving the 
covering machine, the covered goods pass continuously 
through the cooling chamber and are delivered at the other 
end cooled, finished and ready for packing. 
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AROMA AND FLAVOUR DUE TO VARIETY OP BEAN, 

PROCESS OP MANUFACTURE, AND FLAVOURING 

MATERIALS, SUCH AS VANILLA, SPICES, ESSENCES, ETC. 

The production of individual flavours in cocoas and 
chocolates is attained by : (1) selection of special variety or 
blend of cacao beans ; (2) special process of manufacture ; 
(8) addition of flavouring materials, such as vanilla, spices or 
essences. 

Variety of Bean. 

In Chapter VIII., the principal characteristics of the 
different varieties of cacao beans have been dealt with, but 
the reader must have experienced some difficulty in imagin- 
ing, as the author had in detailing, the various flavours 
which, though characteristic, are almost impossible of 
written description:!. 

Venezuela, Ecuador, Guayaquil, Ceylon, certain West 
Indian and African beans may be said to be typical of the 
cacaos for preparing chocolates of the highest class, but, even 
with these varieties, blending is desirable, as less variation 
will occur in the flavour of a mixture of beans than in the 
individual kinds. 

Caracas beans are pronounced and characteristic in 
flavour, Guayaquil Arriba slightly scented, Trinidad bitter 
and rather strong, and Surinam similar to Caracas. All such 
cacaos will require blending with those of less pronounced 
flavour, if chocolate of fine quality is to be produced. 

Those beans of more bitter and harsh taste, such as 
certain of the Ecuador, Para, Bahia, Guiana and Trinidad 
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cacaos, will recjuire toning ujt with beans of higher quality, 
whilst the cacaos of insi))i(l or neutral flavour, such as those 
of Haiti and St. Do/ningo, will be ini])roved by blending with 
beans of more pronounced character. 

Further discussion on this subject is useless, for experi- 
ment with the different beans will be of* more use to the 
manufacturer, who may require a certain flavour, than any 
descrijition that iti is ])ossihle to give. 

Improvement in flavour may be brought about in beans 
of musty odour or great, bitterness by treating them with 
water or alkali solution on arrival at the factory. The 
processes, which have ahxsidy been described in tTiapters X. 
and Xill., consist of a )iost-fennent.ation, in the former case, 
and a moditication of the bit, ter and astringent bodies in the 
beans by trc^at.ment with alkali, in the latter. Besides 
impioienaait in flavour, it is cla.imed that those operations 
give better colour to the kernel and, consequently, to the 
chocolate, prepared from them. Many of the lower grades 
of cacao, that, conie into the market covered with mould, and 
of a pale int.c'rior, may be t.reated in this way, with advantage. 

Process of Manufacture. 

Tr^^ntmeiit witli alkali, temperature of roast, degree of 
fineness to which the chocolate is ground, period of working 
in the ‘‘ melangeur ” and “ conche,” storage and packing of 
the finished chocolate, all play an iinj)ortant part in deter- 
mining flavour. 

It has already been pointed out that treatment with 
alkali is supjiosed, by some, to enhance the flavour of a cocoa 
preparation, but , whilst this may be so with a cocoa powder 
which has the additional advantage of being rendered 
soluble, it is not our experience that improvement is to be 
found in a chocolate, so treat^ed. 

The presence of the small quantities of soda or potash, 
which the treated chocolates contain, is quite harmless, 
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though there exists a certain prejudice* against the use of 
chemicals in the manufacture of foodstuffs.* On the other 
hand, it is well known that even a small quantity of alkali 
in the preseiuie of fat, especially when heat is applied, must 
produce a small quantity of soap or saponified fat. This 
has, however, already been discussed and has been shown to 
be open to dis})ute. Saponificat ion of a fat>, in all cases, seems 
to develop the pungent and unpleasant portion of the flavour- 
ing matter of that fat, and, though it can be found stated by 
more than one authority that tlie addit ion of alkali prevents 
a fat from turning rancid, we are c(mvinced that, unless very 
carefully and judiciously applied, the alkali will produce 
compounds of fat far more un])leasant to tlu^ palate than 
fatty acids from rancid fat, prt^sent> in the same pro})ortion. 
Since, however, it can be proved that, the addition of alkali 
neutralises the tannic acid and other acid astringent matters, 
and, if the production of saponified fat is insignificant, it must 
be admitt(^d that a certain amount of good, apart from 
“ solubility,” has n^sulted by the treat ment, for tlie bitterness 
and astringency of certain manufacturers' chocolates are 
serious hindrances to the full a})i)rec.iation of their flavour. 

The temperature of the roast determines whc'ther the 
aroma of the beans has been fully, under- or over-developed. 
When the cacao is fully roast.(^d, the beans have lost the acid, 
vinegary smell, and the nibs are free from any objectionable 
or musty odour which they may have acquired during the 
processes of rendering them fit for market. Moreover, they 
have developed the pleasant aroma typical of chocolate, 
which can best be judged away from the room in which the 
roast is taking place, preferably in the open air. 

Under-roasted beans are most unpalatable, when made 
up into chocolate, and can best be described by the word 
“ green,” signifying a flavour of raw vegetables. 

• yide diHcusHion in Reports of Congress at Coneva and Paris, 1908, 1009, and 
Chapter XXIV. 
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Over-roasting, K unaccompanied by a smoky flavour, 
not altogether unpleasant, if not excessive, and there is little « 
doubt that the native and original Mexicans, who practised 
the art of chocolate making, roasted their beans to a higher 
degree than is now customary. The burnt flavour of over- 
roasted beans is considered, by some, to be pleasant to the 
palate, and certain Mexican ’ chocolates of commerce are 
prepared from beans that have been severely roasted or by 
the addition of small quantities of coffee berries to normal 
roasts. 

Caramelisation of the sugar, already added to the roasted 
nibs, imparts a characteristic flavour to the finished chocolate. 
This may be accomplished by heating the mixed chocolate 
paste in an iron “ melangeur ” or “ conche ” from 115° C. to 
120* C., extending over a period of time of thirty to forty-five 
minutes, so that the whole is gradually and evenly cooked. 
Care must be taken that no chocolate adheres for any length 
of time to the hot, iron surface of the mixer, as a strong burnt 
flavour, of a most unpleasant nature, will result. When it is 
desired to secure this caramel flavour, the beans should only 
be semi-roasted, as the subsequent cooking develops the 
half-acquired aroma of the cacao at the same time as it 
caramelises the sugar. The operation of caramelisation may, 
with advantage, be conducted in the “ conche ” machine, ' 
already described in the chapter on “ Milk Chocolate,” and 
elsewhere, as the receptacles are especially adapted for 
heating to high temperatures. The rise of temperature 
should be gradual and evenly distributed over the vessel 
containing the chocolate to be cooked. The author, how- 
ever, favours a long treatment in a “ conche ” machine at a 
comparatively low temperature, as the changes take place 
more gently and gvenly, and there is less risk of spo iling the 
product. This question has been considered at some length 
in a previous chapter. 

Bimilar, but, in our opinion, inferior, results are obtained 



IN. 29.*^ PwniK>9 ” Cwmmdisiiig Maclune. (See p. 346 ) 
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by preparing, beforehand, the caramelised sugar, i.c., sugar 
heated to 182° C., and adding it to the cacao mass in the 
“ melangeur,” oi^by carrying out the processes suggested in 
Chapter XIX. 

“ Thermos ” (Patent) Caramelising Machine (Fig. 29). 
(Messrs. Havy, Jemijean Cic., Paris’.)— The object of this 
machine is to transform the crystallisable sucrose in choco- 
late j)astes into invert sugar by means of a high temperature, 
ap})Iied for a very short, time. The purpose of the transfor- 
mation is to ])r(‘V(ait: tlu^ power of absorption of liquid cacao 
butter by the sugar crystals which, by capillarity and the 
supertic.ial area of the crystals, tend to dry u]) the mass by 
retention of the liquid fat on, and between, their surfac'os. It 
is claimed, moreov(a’, with every justification, that tine finish 
and ])erfect smoothness are also sianired, and, though, 
undoubtedly, the flavour of the chocolate is also improved by 
the |)rocess, the makers of the machine depend more upon the 
blend of beans for the taste and aroma of the finished product. 

The out|)ut of th(^ machine is from 70 — 100 kilos per hour, 
and the product, obtained, possesses a velvety smoothness 
and is ])erfect ly homogeneous. 

The machine consists, })rincij)ally, of a metal shell carrying 
on the inside a. rotating drum of about. 60 cms. diameter, 
which is ringed with channels about 3 mms. dee]). A second 
drum, of slightly less diameter, is })laced in front and below 
the first drum. A metal hopper feeds the chocolate paste 
between the two drums which, revolving at different speeds, 
carry the })aste forAvard. The paste spreads over the whole 
surface of the larger drum as it is carried forward, and, owing 
to the thinness of the film, every portion is exposed to the hot 
air which is blown in, the surfaces both exposed to the air and 
to the drum b^ng similarly heated. A temperature as high 
as 120° C. can be obtaine(i. 

A collecting knife with toothed blade is carried the whole 
length of the drum and scrapes off the heated paste which 
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falls into a channol, placed beneatli, whence it is carrie<l to the 
discharge of the machine by an ertdless scnnv. 

There is no doubt that the machine is ^pidly gaining iji 
popularity, and, already, it, can be found in many of the 
largest chocolate fi^ctories in Europe. 

About 5 h.p. is required to drive the machine. 


The roughness to the palati^ of tlu^ older-fashioned dry 
chocolate is due t o t lu^ fa(‘t that t lu^ cacao mass and sugar are 
not retined to such an extent as in the smooth “fondant” 
chocolate, so })opu]ar at the prestait tiiiK^. Close relining, 
whilst giving smoothia^ss to chocolate, is aj)t to rob it of its 
aroma, especially if the tinisluHl articde is allowed t o lie about 
exposed to the air. 

Cho(*olate, like Hour and milk, readily takes uj) odours to 
which it is exj^osed, and it is, conse<piently, very lu^cessary to 
prevent strong-smelling matters from coming into contact 
with the chocolate and from tainting the atmosphere of the 
rooms in which chocolate is stored. 

Chocolate should nevia* be ))acked direct in cardboard or 
plain i)aj)er, as the st ale flavour, im})arted, is most unj)leasant, 
but all tablets should be wrapiKul in tinfoil j)revious to 
])acking. In sampling chocolate, it will be found that 
tablets will have developed their aroma, for better or for 
worse, after two or three weeks ; freshly moulded tablets 
never convey to the ])alate the true flavour of the chocolate. 

Flavouring Materials, such as Spices, Essences, etc. 

The principal flavouring materials, added to cocoas and 
chocolates, are vanilla or its substitute, vanillin. Cinnamon, 
nutmeg, cloves, cardamoms, coriander, balsam of Peru, gum 
benzoin, almonds, hazel-nuts, praline, pine-njuts, coffee and 
milk are also commonly used. 

Of these, by far the most popular flavour for plain eating- 
chocolate is vanilla. 



348 


COCOA AND CHOCOLATE 


Vanilla and Vanillin , — The vanilla of commerce is the 
seed pod of the parasitic 'orchid Vanilla planifolia which is 
cultivated in Mexico, Tahiti, Mauritius, Mayotte, Java, 
Seychelles and Ceylon. 

The fresh pods do not contain mu^h of the aromatic 
bodies characteristic of the vanilla beans of commerce, but 
these are developed in the subsequent treatment, of a fermen- 
tative character, which the beans are caused to undergo. 

Fine vanilla beans come into the market, in tin boxes, as 
long moist black pods, usually covered with an efflorescence 
of white (‘rysi.als. These crystals are aromatic and volatile, 
and consist of vanillin and a certain proportion of benzoic 
acid. During preparation, it is necessary to dry the beans, 
as not only do they rajudly develop mould, when moist, but, 
in the dry state, they better retain their aroma. 

Inferior vanilla, from improper curing or from trees of 
other species of vanilla, bearing fruit of lower value, are 
frequently treated by rolling the pods in synthetic vanillin, 
benzoic acid, etc. For the detection of such fraud, the 
chemical reactions of the possible adulterants should be 
investigated. 

From Brazil is obtained the species called “ Vanillon,’* 
possessing a long bean of strong, but less aromatic, flavour. 

Vanilla beans may be used either as “ vanilla sugar,*’ in 
which case the beans are cut up fine and mixed with sugar, 
and the whole reduced to a fine powder, or as extract, when an 
alcoholic solution is prepared by soaking the beans in the 
solvent. 

Vanitia Hugar. Vanilla extract. 

Vanilla beans (^ine Vanilla beans (line 

ground) . . 1 part. ground) . . 4 parts. 

8ugaf . • ^ ^ parts. Alcohol . . 5 „ 

The vanilla extract should be prepared by soaking the 
pods, finely crushed or ground, in alcohol for forty-eight 
hours, when the clear extract can be decanted or filtered off* 
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All vanilla preparations, as also all materials used for 
flavouring purposes, which owe their properties to volatile 
matters, should be kept in closely sealed vegsels or bottles. 

The objection to the use of “ vanilla sugar,” and of other 
preparations of the. vanilla pod in which the whole bean is 
used, is the presence of the black s])ecks or seeds which 
render unsightly the sugar or any light-coloured material, so 
flavoured. This objection does not hold good for cocoa and 
chocolate which are flavoured to the best advantage with 
vanilla bean. From the financial point of view, the use of 
synthetic vanillin, which, in recent years, has almost entirely 
replaced the vanilla bean for flavouring cocoa and chocolate, 
is to be recommended. 

Vanilla beans seldom contain more than 2*5 per cent, of 
vanillin to which is principally due the aromatic property of 
vanilla. Vanillin was first synthesised in 1872 from oil of 
cloves, and the artificial product has steadily worked its way 
into the favour of the confectioner, both on account of its 
efficiency and low pri(je per flavouring unit as compared with 
those of the natural bean. 

The prices of vanilla beans and vanillin were, in 1911, 13<s‘. 
and 125. 6d, per lb., uespectively. At the present time (early 
1920), the prices are 15s. 6d. and 78s., respectively. 

Vanillin HUgar. Vanillin extract. 

Vanillin . . 1 part. Vanillin . . 1 part. 

Alcohol (hot) . 5 parts. Alcohol (hot) . 5 parts. 

Sugar . . . 20 „ 

Vanillin is not so readily soluble in cold as in hot alcohol ; 
consequently, in order to accelerate solution, hot alcohol is, 
preferably, mixed with the vanillin crystals. In the prepara- 
tion of “ vanillin sugar,” the dry, fine sugar i 3 rubbed *with 
the solution, added very slowly, anS, when the whole is quite 
dry, it should be tinned up immediately, t6 prevent evapora- 
tion of the volatile aroma. 
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Vanillin has, approximately, forty times the flavouring 
power of vanilla ; consecfuently, in the recipes, given, both 
the vanillin sijgar ” and extract will be stronger than 
the corresponding ])reparation from the natural bean. The 
amounts of vanilla and vanillin, used in, the preparation of 
“ sugar ” and extract, are, of course, 0])tional and can be 
varied to taste and reqiiireiiKints. 

The flavour of t.he bean is undoubtedly su})eri()r to that of 
its synthetic substitute, less harsh and more delicately 
aromatic, but the advantages to be obtained by the use of the 
latter are so great, that they will outweigh the superior 
flavouring ])roj)ert,ies of the former, exce})t in cases where the» 
most delicate palates are to be pleased. 

The handling of vanilla beans and vanillin is att.ended 
with some inconvenience, as the aromatic bodies they con- 
tain are most pungent and irritating to the nostrils. More- 
over, they set uj) irritation of the skin and cause sores which, 
though not at.tended by danger, are extremely un])leasant 
and distressing. 

AlmondSy NutSy Hazel-nuts and almonds are used 
extensively on the Continent for giving a slight nutty taste, 
though, when used in England, much larger quantities of nut- 
paste are added, and the com])ound article is sold under 
some fancy name, such as “ Noisette,” ” Nut Chocolate,” 
” Nuttis,” etc. Whole roasted nuts are , frequently , embedded 
in the chocolate and enable a harder product, which still 
possesses the nutty characteristhi, to be made. Particularly 
are “ Almond bars,” prepared in this manner, popular in 
America at the present time. 

When nut- or almond-paste is added to chocolate mass, the 
melting-point of the mixture is considerably lowered from 
that'of plain c^jocolate, owing to the presence of oil which the 
nuts contain. Consequently, a good nut chocolate is always 
iQjtter than the ordinaiy plain variety and is more difficult 
to handle in the factory. Cacao butter substitutes, possessing 



AHUM A AND FLAVOUR 351 

“hardening” properties, will, frequently, bo found in the 
cheaper grades of nut chocolates. * Tlie same remarks apply 
to milk chocolates, though the 2)resence ol^the large propor- 
tion of casein tends to give “ body.” 

Soft chocolatesjDt' these varieties will not })0ssess “ snap,” 
which is so characteristic of hard plain chocolate. “ Snap ” 
is due, usually, to the })resence of a laige proportion of cacao 
butter, which itself possesses a hard, crisp break, and to the 
thorough blendiirg and working of the sugar and cacao mass 
in the ” melangeur ” and other machines, during manufac- 
ture. This property may also b(‘ ac(piired by rapidly 
cooling the chocolate aftta* moulding, and it is worthy of 
note that chocolate, cooled slowly, will never acquire “ snap,” 
however long it is allowed to remain. The addition of oil, 
the jrresence of air-bubbles in moulded chocolate, and 
insufficient working, will all tend to the reduction of “ snap.” 

Spu‘Ai.s, etc. — The sjrices — c.innamon, nutmeg, cloves, 
cardamoms, and coriander — may be added direct to the 
chocolate paste in the “melangeur,” though, owing to the 
gritty nature of ground spices and to the fact, that a certain 
amount of sand is always to be found in them, their essential 
oils are emi)loyed, with advantage. Another point in favour 
of using the essential oils, in preference to the ground spices, 
is that a more constant and eipial flavouring material can be 
prepared, as the natural s])ices fluctuate considerably in the 
potency of their aromatic contents. 

It is not, an uiH'ominon occurrence to meet, with ground 
spices, on the market, which have been partially deprived of 
their essential oils or mixed with starch, meal, etc., and 
spices, so treated, would, naturally, be oh lower value for 
flavouring. The characters of the spices are too well-kiiown 
to need description, and the quantity, to be added to chocolate, 
too much a matter of taste to justify a catalogue of recipes. 
It is not intended, therefore, to do more than outline the 
method of procedure for the preparation of spice flavourings. 
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If the powdered spices are used, it is advisable to wash, 
dry and grind the spices m the factory premises, as such a 
proceeding prevents any possibility of adulteration. 

If the essential oils are employed, it is advisable, as with 
vanillin, to prepare an alcoholic solution, as, when the 
flavouring mixture is measured out, the errors which will 
occur in the volumes of many consecutive measurements 
will be of the less importance the greater the dilution. This 
error might be considerable, if the essential oil were used 
pure and undiluted ; further, the advantages to be gained 
by making an alcoholic solution for the preparation of 
“ cinnamon sugar ” and “ clove sugar,” by the same method 
as ” vanillin sugar,” are such that less intimate mixing will 
be required, and less possibility of making serious error 
occurs. The addition of strong flavouring materials to a 
food pre})aration is one of those matters which, at present, 
must be left to the discretion of the human automaton, and, 
if errors are to be prevented, the processes must be rendered 
as ” fool-proof ” as possible, especially in a large factory. 
A 10 per cent, alcoholic solution of an essential oil is a con- 
venient dilution for working, and, where used per sc, should 
be added to t he chocolate at as late a stage of its manufacture 
as possible, to ensure that the least amount of volatile 
flavouring matter escapes. 

There are many chocolate improvers on the market, at 
the present, day but all those that have come under our 
notice have been prepared from essential oils of* spices, 
extract of cacao shells or coffee, or blends of them. 

Coumarin and Heliotropin, — Coumarin, or the flavouring 
material of the .Tonquin bean, is very commonly used in 
cheap chocolate. Used, with nice discretion, in milk choco- 
late, ft is not qppleasant, thou^, to the “ connoisseur,” the 
flavour is indicative of pooir quality. 

|!^otropin is used for the same purpose as coumarin, but 
it penetrating and rather more delicately aromatic. 
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(jum Benzoin, etc, — Balsam of Peru and gum benzoin, 
both being soluble in alcohol, are used in solution. The 
balsam derives its flavour chiefly from thf esters of benzoic 
and cinnamic acids, but, owing to its strong and burning 
taste, must be judiciously added to chocolate which may be 
greatly improved by the presence of a small quantity. 

Gum benzoin, in 25 per cent, alcoholic solution, is prin- 
cipally used for chocolate varnish, the highly shining surface 
of decorative chocolatt^ work or exhibition (iiocolate, that 
is required to maintain its lustre while exposed, being 
obtained by a solution of this gum. 

— -The addition of roasted coffee to chocolate gives 
a very tine flavour, and, if used in extremely small quantities, 
is difficult to detect as the flavouring material. 

The coffee should be added to the chocolate mass running 
in the “ nielangeur ” for tlie first time, as the hard and gritty 
nature of the ground and roasted coffee makes it desirable 
that it should be refined at. least, as often as the chocolate. 
Three parts of ground and roasted coffee to 100 ))arts of 
chocolate mass is a good ])roportion, t.hougli, to increase the 
flavour, as much as 5 ])er cent, of coffee may be used. 
Higher than 5 per <*,^nt.., t he colour of the chocolate will suffer, 
and the grittiness, due to tla^ coffee, may be felt. 

The trouble of grittiness may be ovtucome by steejang the 
coffee-gi’ains, (nntained in a muslin bag, in melted cacao 
butter, which extracts all tlu^ aromatic oil. This, however, 
cannot be recommended as an economical method, seeing 
that little or no “ return ” in weight is obtained. Coffee 
extracts may also be used and, if j)rei)ared fresh from freshly 
roasted and ground <^offee, will give good results. 

It is worthy of note that, with the high j>rice of alcohol 
at present obtaining, many of the essential oijs will be tound 
to be soluble in vegetable oils and I'ats such as arachis oil and 
cacao butter, wliich may be employed, instead of alcohol, with 
considerable benefit to the manufacture. 



CHAPTER XXIV 

nutritive value and digestibility of cocoa 

PREPARATIONS 

It lias seemed desirable to include a chapter on the 
nutriiive value and digestibility of cocoa and its preparations, 
seeing that much misleading information has been published 
in medical journals. 

Already, some points have been considered in the Intro- 
duction, and it is not intended to cover this ground again. 
There is, however, a certain truth underlying the objections 
raised to cocoa by ])hysicians from time to time, though, as 
in all physiological tests, it is not easy to prove, by facts and 
figures, statements that have been quoted from very earliest 
times. That the benefits outweigh the objectionable features 
of th(^ preparations there can, however, be no shadow of 
doubt. ( 

Thomas Gage (1G48), in his work, (juoted latei* more fully, 
states : “ This cocoa though, as every simple, it contains 
the qualities of the foure Elements, yet, in the opinion of 
most Physitians, it is held to be cold and dry. It is also 
in the substance that rules these two qualities, restringent 
and obstructive, of the nature of the Element of the Earth.” 

Gerard, in his “ Herbal ” of 1636, just mentions cacao, 
but only as a drink which they highly esteem in America ” 
and which is of an “ astringent and ungrateful taste.” 
Culpepper is siient on the subject. 

With the exception of the attacks made by Pranciscus 
Rautdi iu 1624, the eailiest reference, yet found, to the 
( onsideration of the jdiysiological aspect of cocoa prepara- 
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tions, Gage’n work appearfi to be the tirst attempt to Htudy 
the subject scientitically. Indeed, we learn from the 
“ Natural History of Chocolate, a pamidflet published by 
Christopher Wilkinson at the Black Boy over against 
St. Dunstan’s Chureh in Fleet -street,” 1682, that Mr. Gage 
” drank cliocolate in the Indies two or three times every day 
for twelve years and he sc.arce knew what any disease was 
all thai time, he growing very fat.” Wilkinson, himself, had 
eaten great quantities of the kernels raw “ without the least 
inconvenience,” and writes that he had heard “ that 
Mr. Boyle and Dr. Shibbs have let down into their stomachs 
some pounds of them raw without any molestation ; the 
stomachs seemed rather to be satisfied than cloy’d with^them 
which is an argument they are soon dissolved.” We know, 
also, that the Spaniards did not scruple to eat cocoa upon 
their great fast days. 

But, in early times, when chocolate was looked upon by 
the American native hahiiuis as a stimulant food and by the 
wealthy European as a luxury with certain “ secret ” powers, 
it is not surprising to learn that, like all stimulants, it was 
recommended by the Herbalists and Physicians for applica- 
tion according to the •constitution of the consumer. Thus — 
In cold constitutions, Jamaica Pepper, Cinnamon, Nut- 
megs, Cloves, etc., may be mixt with the cacao Nut ... In 
hot Consumptive tempers you may mix Almonds, Pistachios, 
etc. . . . and sometimes Steel and Rhubarb may be added 
for young green ladies.” Wilkinson makes a naive sugges- 
tion that, had Rachel known of the existence of chocolate, she 
would not have purchased Mandrakea for Jacob. 

W. Hughes, in a book entitled “ The American Physitian 
or a Treatise of the Roots, Plants, Trees, Shrubs, Fruit, 
Herbs, etc., Growing in the Enghsh plantations in America, 
1672,” has provided a lot of information on the virtues of 
chocolate and has stated : “ Chocolate is most excellent in 
nourishing and preserving health entire, purging by Expec- 
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toratioriH, and especially by the sweat vents of the body, 
preventing unnatural fumes ascending to the head.” His 
references to the 'properties of the “ oil ” will be given later. 

Yet another word of praise tor chocolate is given by one, 
Dr. Doran, who says, in his “ Table Traits with something 
on Them,” — “ I must not omit to mention that the favourite 
beverage of Voltaire at the Cafe Procope (Paris) was choca : 
a mixture of coffee (wit.h milk) and chocolate. The Emi)eror 
Napoleon was as fond of the same mixture as he ^vas of 
Chambertin and, in truth, I do not know a draught which so 
]')e]‘fectily soothes and revives as that of hot well frothed 
choca.” 

Prom Robinson’s work, ” The Early History of Coffee 
Houses in England,” (1893), are taken tlu^ following lines, 
which suggest, that the beverage was less po])ular with the 
lower classes, at any rate in this country, at that time : — 

“ Tilt* Player oaliK for Ohotolate. 

At which the Bumpkin, wondering at, 

CrieH, ‘ Ho, my Misters, what d'ye H])eak, 

D’ye (-all for a drink in Heathen fJrei'k ? 

(live me good old Ale or Beer, 

Or else 1 will not drink 1 swear.' 

» 

We were ever a conservative race ! 

We have occasion to refer, later, to ” The Indian Nectar 
or a discourse concerning Chocolata,” by Henry Stubbe and 
Thomas Lord Windsor, dated 1662. These two enthusiasts 
had collected recdpes for the making of chocolate and had 
})laced them in the hands of ” an honest though poor man, 
Richard Mortimer, of Sun Alley in East Smithfield,” but, 
evidently, thewwere a little doubtful of the effects that their 
preparations would have upon the public, for they write : 
” He will attend on my Physician of note to receive his 
directions (in experiments) and also to inform him if he would 
vary from my ways by any addition, etc.” And again, later, 
they write : “ and, as I shall endeavour wholly to oblige 
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mankind, with further ObKervations and Enquiries concern- 
ing Chocolata so I hope my example will stir up others to the 
like performances, and that persons of ingenuity will either 
publish their observaiions or direct them to me and leave 
them either with the Lady Windsor or with Mr. Andrew 
Crook ... to be sent, to me that 1 may not be ignorant of 
what effects Chocolata or its particular Ingredients have here 
in England.** 

It seems that the idea t.hat cocoa preparat.ions affected 
the sexual organs wa.s of early origin, for, besides the work of 
Rauch, 1G24, already meTitioned, and the article in the 
Spectator, 1712, Stubbe discusses in his book the physiolo- 
gical functions of his chocolate and ])ropounds a hypothesis 
which wull dispense with sexual function. The modern 
j)hysician forbids chocolate an<l cocoa, except in very small 
quantities, in cases of bladder affections, such as cystitis, 
owing to the irritability of its infusion u])on that organ, a 
fact which, probably, gave rise to the earlier suggestions. 

To descend to more recent times, an excellent article, if 
somewhat unscientific from the chemical standpoint, was 
published in the Lancet, January 7th, 1905, entitled “ Cocoa 
chemically and j)hysiologically considered.** The clue to the 
pur}>ose of the article is found in an early paragraph : “The 
present popularity of cocoa as a beverage and the fact that 
so many give it preference to tea and coffee raise so important 
physiological questions which claim more attention than 
they have hitherto deserved.” After considering the merits 
and the demerits of the three beverages, the amounts of 
tannin and alkaloid they contain and their presumed digesti- 
bility, some actual digestion experiments, pt^rformed in vitro, 
are described. It is with these latter that we are principally 
concerned here. 

It is unfortunate tliat such a sfatement as : “ the develop- 
ment of the flavour and the peculiar character of coffee is 
brought about by merely roasting, but in tea and cocoa both 
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a fermentation process and a species of roasting are employed 
to the same end ” should have been allowed to stand without 
further comment, since coffee also is fermented, and we know 
that prolonged fermentation is detrimental to the aroma. 
Nevertheless, the article is full of sound information, even 
if it has to be selected for reproduction here, of a nature that 
we have not been able to find elsewhert^ 

Analyses of cocoas from the leading firms are given as : — 


Analyses of Cocoa Powders. 


Moisture .... 

Per cent. 

. 3-0 to 8-0 

Nitrogenous matter {N X 6-8) 

. 19-0 to 20-0 

Fat 

. 26-0 to 31-0 

Mineral matter (ash) . 

. 3-9 to 8-8 

Starch .... 

. 2-7 to 7-3 

Cellulose .... 

. 6-8 to 7-2 

Other non-nitrogenous matters 

. 29-0 to 31-0 

Theobromine 

. 1-7 to 2-0 


The degree of fineness to which the cocoa is ground is a 
matter of considerable dietetic importance, as will be seen 
later, chiefly because, when jdaced in water, an almost com- 
j)lete suspension is secured, and no sediment settles out, 
whilst the digestive juices are enabled to have full play on 
each minute particle taken into the stomach. 

It was shown that cocoas were usually acid in reaction 
and that, when acid, the tendency to settle out in the cup 
was most marked. By the addition of “ natural salts,** the 
cocoa became “ not acid ” to test papers, “ owing to the 
action of alkaline organic salts, and yields practically no 
sediment in the cup, the exceedingly fine particles being in a 
state of perfect suspension, a condition which is assisted by 
the salts.” T^is, of course, is known in the trade as render- 
ing cocoa ” soluble,’* and is actually brought about, in this 
country and all over Europe and America, by the addition of 



alkalis. With this, however, tlie writers of the artich 
strongly disagree, but, without .wishing to be disrespectful 
we can only impute their denial to ignorance of the trade anc 
to chemical methods. Passing over thesf^ verbal difference! 
of opinion, we come to anotlier table which is distinctly 
interesting as showing tliat, wlien addition of alkali is made 
alkalinity a))pears only in the ash and not in the cocoi 
powder, as such. In spite of this fact, we must again difife 
from thes(^ writ(‘rs wlio say : “ It has been freely staled tha 
some cocoas in the English market are largely mani])ulatet 
with alkali. Our experience gives no sup})ort whatever t( 
such a statement,’’ since they have fallen into an elementary 
(‘iror of attributing the alkalinity of tlie ash to the iiwreane o 
“ natural organic salts of the cocoa ” and liot to the adddfior 
of alkalis which, ]x>ssibly, may have neutralised the organi( 
acids of the cocoa. YcH , they art^ willing to grant that, tin 
iniquitous habit of adding alkali to cocoa, is practisec 
in Germany. It is, indeed, oftiai (liflicult to discrimi 
nat(^ betwi^ai scieiititic facts and medical fancies in tin? 
j)aj)(‘r. 

Eor the experiments on digestibility of cocoa in artificia 
gastric and ])ancreatic juices, Cadbury’s cocoa was taken m 
an example of cocoa })repared from ca,(*ao beans simply by 
roasting, grinding and i)ressing, t o remove a certain quantity 
of fat ; Van Houten’s cocoa was sel<‘cted as an example ii 
which “ natural salts ar<^ increased,” and Plasrnon cocoa a^ 
representing a powder containing added matter in the forn 
of dried milk solids (a}>proximateIy sixty i)arts milk solid^ 


to forty^ ]:)arts cocoa powder), which should be soluble. 

Tht 

following figures were obtained : — 



Total dissolved 

Mineral 

Or/?anic 


Cocoa. matters. 

inait-erK. 

inatU'rK. • 

Pr<)toid 

Cadbury’s . 19*80 

380 . 

16-60 . 

5-9C 

Van Houten’s 23*00 

5-20 . 

17-80 . 

10-55 

Plasrnon . 50*40 

5 00 . 

46-40 

38-21 
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increased soluBilily , by ilie use of alkali, of Van Houten’s 
('ocoa over lhai of Cadbuyy will be noticed in Column L 
Furili(‘r, Van Houteirs cocoa was observed to be exceedingly 
finely ground, “ in fad comminuted.” So far as the proteids 
are coiK-erruHl, Cadbury’s cocoa, yielded up to hot water 
8H .per cent, of its ])roteid matter, Van Houten’s cocoa 
60 i)er cent, and IMasmon cocoa 70 per cent., the total 
])roteids being 18*60 per cent., 17*25 ])er cent., and 54*48 per 
cent., res])ectively. 

The amount of sediment., settling out , was next measured, 
one gramme of (‘ach cocoa being boiled with water and made 
u]) to 100 CCS. 

('adbury’s cocoa . 5*0 ccs. sediment after half-hour. 

Van Houten’s cocoa . 1*0 cc. ,, ,, ,, 

l^lasniOM cocoa . 8*0 ccs. ,, ,, ,, 

Kvid(*ntly, and as might have been ex])(‘cted, Plasnion, 
which was regarded as a soluble form of milk ])i‘()teid, is 
rendered to some extent, insoluble when added to cocoa. 
As a matt('rof fact,, the ))resent. writer, s})eaking fiom ex})eri- 
ence with this ])roduct , can assert that Plasinon was siddom 
totally soluble in water and that the addition of alkali did, 
of course, grea.tly increase its solubility, whilst the presence 
of tannin in the cocoa will always render a (*ert.ain amount of 
milk solids, wlitui ])resen1, insoluble in water. 

The experinuaits with the same cocoa ])Owders and 
artiticial gastric and ])ancreatic juices are very interesting. 
The cocoas were })re})ared (as directed by the manufacturers) 
by treating with boiling water. The infusion was brought to 
100° F. (approximately the normal temperature of the human 
body),* and a definite volume of digestive fluid was added. 
Li the cases of gastric dig^^stion, the mixture was acidified 
witli hydrochloric acid, and the pancreatic fluid was rendered 
alkaline with sodium carbonate. Digestion was carried out 
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for four hours at a constant temperature* and the mixture 
was occasionally stirred. The following figures show the 
percentage amount of the total })roteid hydrolysed by the 
ferments, respectively, after four hours 


(iaHtnc Panoroatie IJiidigestwl 

OtKuia. digention. proteul. 

Cadbury . 40*45 . 31*40 . 28*15 

Van Houten’s . 07*20 . 4*11 . 28*09 

Plasnion . 37*50 . 50*20 . 0*30 


T1h‘S(^ llgures, taken in con junction with those already 
given, speak for themselves. 

It is ])ointed out by tlie authors that , in the litca’ature on 
the subject, the amount of proteid, found by ot.her observers 
in cocoas, is generally in excess of tlie truth, for the reason, 
probably, that the amount of jmdeid has been ba,sed on the 
total nitrogen, found, whilst the theobromine (amounting to 
about 0*5 N |)er cent.) should have been deducted before the 
calculation for proteid was made. We do not tliink, howev*er, 
that this is likely to have occurred in many chemical labora- 
tories, of any repute. It can be readily understood why the 
\mlk proteids of Pfasmon cocoa are found to be digested in 
alkaline solution ; indeed, we should have been surprised had 
it not been the case, though the fact seems to have caused 
the original writers some surprisi*. 

As the undigested matter contained jiractically all the 
fat, since the action of artificial pancreatic juices upon fat 
is very feeble, the figures were recalculated as fat-free 
residue. Thus ; — 

OigCHtod 

CJocija. Undigested. by difference. 

Cadbury’s . . 31*73 . ‘ 68*27 

Van Houten’s . . 31*65 . 68*85 

Plasmon . . . 14*88 . 85*12 
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The last experiments, made, were upon the same cocoas, but 
with weak acids and alkalis in the absence of ferments. 



Soiiible in 

Soluble in 

Insoluble 

Total 

C<K!(»a. 

weak acidK. 

weak alkaliK. 

in both. 

solubility. 

(Cadbury’s 

41-50 

. 51-70 . 

6-80 

. 93-20 

Van Houten’s 

41-10 

. 51-70 . 

' 7-20 

. 92-80 

Plasmon 

58-10 

. 89-60 . 

2-80 

. 97-70 


Ill the figun^s shown in the first column, 7*83 per cent, of 
starch for (ladbury’s cocoa, 2*70 per cent, for Van Houten’s 
cocoa and 1 *99 jior cent, for Plasmon cocoa, must be included, 
whilst, in the insoluble figures, the fibre will be found. 

Many references to chocolates have appeared in the 
Lancet, from time to time, but, as a rule, they are more 
advertisements of the product than attempts to provide 
physiological dat.a. 

In 1910, Albahary (“Jan. Falnij'' iii., 159 — 168), ])ro- 
nounced judgment on alkali-treated “ soluble ” cocoas. He 
found that) the so-called “ soluble “ cocoas werc^ not more 
soluble than natural cocoas from which the greatei* portion 
of the fat had been ex])ressed. The larger quantities of 
alkali, soap and colouring matter, going into solution during 
infusion, caused the fat of the treated*’ cocoas to be morb 
perfectly emulsified and the insoluble constituents to remain 
for a longer time in suspension. The same writer is emphatic 
in his denial that “ soluble’” cocoas are more easily assimi- 
lated than the natural cocoas and that the proteids and 
other substances, present in the former, are more soluble than 
those in the latter. Further, the presence of soap, resulting 
from the neutralisation of the fatty acids of the cacao butter, 
is particularly objectionable when the cocoa is consumed by 
children and invalids. The writers in the Lancet in 1905 
have stated, however, that no soap could be detected in 
so-called “ alkalized ” cocoas. 

It has been estimated that cacao, which yields 579,000 
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calories, falls to 839,000 calories heat valfte, if it is expressed 
so as to contain 15 per cent, of fat. By defatting the cacao, 
non-digestible albuminoids rise from 8*2 per cent, to 14*9 per 
cent., and cacao fibre from 3-4 per cent, {o 6*2 per cent. On 
the other hand, the process of expression of fat raises the 
theobromine value appreciably. 

It has already been pointed out that the alkalis, when 
used correctly, are ndt present in cocoa powder as free alkali, 
but in combination with phosphoric and organic acids ; in 
other words, the salts of the alkali are in a form usually 
consumed by man in his ordinary food. Man consumes, 
daily, some 4 — 5 grammes of alkali compounds (calculated 
as KgO) in his food, and the proportion added, if a cup of 
alkalised cocoa is also taken, amounting to a further 0‘07 
— 0*10 grammes of KgO, is insignificant. 

Forster * estimated that 90 per cent, of the dry matter of 
cocoa was readily digested, 80 per cenf . of the nitrogenous 
matters and 100 per cent, of the fatty and mineral matters 
being easily assimilated. 

Neumann *j* has made a very complete study of 'the 
digestibility of cocoa powders b3^ studying the effect of a diet 
of cocoa, with and without other foodstuffs, on the weight of 
the human body, and by analyses of the excreta. Albu- 
minoids are absorbed, apparently, to the extent of a mini- 
mum of 45 per cent., when cocoa, alone, is used as diet. The 
addition of cocoa to other artfcles of food seems to reduce 
the total amount of nitrogen absorbed, and the nitrogen 
absorbed is also dependent upon the amount of cacao fat 
present, the less the fat the less are the nitrogenous bodies 
assimilated. 

Cacao butter was shown to be absorbed to about 95 per 

cent., when consumed with other foods, the normal fat of 

• 

• J. ForwU-r, f/j/g. Bund., 1900, 305. 

t Neumann, l>ie Bewerkung dee Kakaos ale Nahr and Oenuiiam.,'’ R. Oldenburg, 
Munich, 1900. 
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normal foods beirtg absorbed to about the same amount. 
But, when eoiisumed alone in cocoa powder, cacao butter 
showed an assimilation of only 87*1 per cent., as against 
89-6 per (‘ent. wfien mixed, as cocoa powder, Avith other 
foods. It was shown t.hat. a cocna powder containing about 
80 ])er cent , of fat was the most easily assimilated. 

(hiutier* has stated that 100 grammes of cocoa ])Owder, 
defatted to 25 ])er cent, of fat, (-(bntains 1*3 grammes 
theobromine, 17 grammes of nitrogenous matters of which 8 
per cent , is albumen, and 10 to 12 grammes of ('.arbohydrates. 
In one cu]) of cocoa containing 10 grammes of powder, one- 
tent.h of the (piantii.ies, sIioami, will be consuined. Gautier 
concludes that the stimulating effect on a tired jrerson of a 
cup of chocolate containing 14 grammes of sust aining matter, 
of which 7 grammes an^ sugar and 2*5 grammes are fat, can 
oidy be ex])laiiied by an effect on the nervous system, 
irrovoked by the aroma of the cocoa and tla^ tonic influence 
of th(^ theobr’omine, whilst the nutritive value of the pre- 
jraration has, in addition also, an accumulative effect, in 
])r6])ortion as it is absorbed. 

With regal'd to cacao butter, Hughes, in the very early 
treatise already mentioned, says : “ Cacao Oil is internally 
administered, it is good against all Coughs, shortness of breath, 
opening and making the roughness of the arteries smooth, 
jralliating all sharp Rheums and contributing very much to 
the Radicle Moisture, being very nourishing and excellent 
against Consunijition,” and, again, that it can be “ effectually 
externally applied against all Inflammations, i.c., Phlegmons, 
Erisipelas, S. Anthony’s Fire, Scaldings and Burnings, the 
jrlace being annqinted therewith.” Were it not for the 
quaint wording, these lines might have been taken from the 
most I'ecent Unj^ed States Dispensatory, which recommends 
the use of cacao butter for a number of similar complaints. 

As to the digestibility of cacao butter, however, there is 

* Arniand iJautier, “ L' Alimentation, etc.," 327 et seq. 
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more to be said, the work of Gardner and Fox being the 
most recent attempt to reach a •conclusion. A good rSsumS 
of the previous work on the subject is given by these workers 
and is worthy of study by those requiring further information. 

It has already ^been stated that cacao butter is resistant to 
enzyme action in vitro, but that it is easily digested when the 
cocoa, itself, is eaten. In 1895, Cohn |, in experiments 
carried out on himself, found that 95 per cent, of the fat of 
cacao was absorbed, but only half the protiads. In 1906, 
Neumann J obtained an absorption figure of 90 })er cent, for 
the fat in i)rolonged and favourable experiments, and similar 
results were obtained by Gerlach,vi in 1907. In the same 
year, Pincussohn,|| experimenting on a number of subjects, 
found an absorj)tion figure for cacao butter as high as 
98 per cent.., whilst the proteid absorption varied, consider- 
ably, between 60 per cent, and 90 per cent., but was best in 
those preparations containing a low ])ercentage of fat. 

None of these observers noticed any ill effects upon the 
health as a result of taking quite large quantities of cacao 
butter over considerable periods of time. Zuntz,^[ working 
with cacao butter in eleven experiimuits, only obtained a 
. figure of 89*6 per/*.ent. utilisation, the act ual figures varying 
from 79*1 per cent, to 95%5 per cent. This large variation 
was probably due to the fact that, to some of tlie subjects, 
cacao butter was actually nauseating, causing loss of 
appetite,” ” headache,” ” loss of ambition ” and sleep- 
lessness. Finally, as a result of eating 109 grammes day, 
undesirable physiological derangements were experienced. 
The limit of tolerance, according to these experiments, lay 
between 51 and 109 grammes per day. 

* J. A. Gardner and F. W. Fox, Biochem. Jorir,^ 1919, xii., 368—377. 
t H. Cohn, Zeitsch. physiol, Chem.y 1895, xxi. , 

J Neumann, Arch, Hygiene., Iviii., 1.* 

§ V. Gerlach, Zeitsch. physik dint Therapic, 1907, xi., 264. 

!| L. PincusHohn, Zeitsch. klin. Med., 1907, Ixiii., 4,50. 

% N. Zuntz, Therap. Monatsch., 1890, iv., 471. 
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The general conclusioriB, reached by Gardner and Fox, 
were somewhat of the same -order, though more than one of 
the subjects took quantities of cacao fat up to 237 grammes in 
a five-day test, without any unpleasant symptoms. The same 
writers concluded that cacao butter was rather less digestible 
than cow’s butter, but that the experiments showed satis- 
factory utilisation, except when excessive quantities of 
cacao butter, which liad a slight laxative effect, were con- 
sumed. There was no indication that cacao butter was a 
“ slow poison.’' 

In the British Food Journaly April, 1916, an interesting 
article appears on ‘‘ Cocoa and Chocolate.” Many inaccura- 
cies have been allowed to stand, such as : “ There is, however, 
no nitrogen except in the form of theobromine, which is a mild 
stimulant and has also a steadying action on the digestion 
but does not supply nitrogen for building up tissue,” and, 
again : ” the only possible use for husks seems to be to burn 
them and so economise coal.” On the other hand, the 
article contains a story relating to the evil effects produced 
by the inclusion of husk in cocoa preparations, which, 
presumably, has some foundation in fact. — ” An interesting 
case of the adulteration of cocoa with husl^, or, to be more 
accurate, of adulterating ground husks with cocoa, has 
recently come to light in Germany and incidentally affords 
an illustration of German morality in trade matters. A 
large number of severe cases of dysentery and gastritis 
occurred among the German troops at certain points on the 
front, and the medical officers there and at the base were at 
the first quite at a loss to explain them. They were subse- 
quently found to be confined to soldiers who had eaten 
certain chocolates sent to them as love-gifts {liehesgaben)* by 
their civilian frietids. These love-gifts were traced by the 
police to a Hamburg firm which made a speciality of making 

* Thi» word w correctly tranal»ted “ oomforU for the troopa,” and not “ love- 
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and advertising war chocolates for presentation t.o the men 
in the trenches. Quantities of the^ie chocolates were bought 
by the authorities, and the cocoa part of them was found to 
consist almost entirely of husk. The next step was naturally 
to raid the firm’s premises, where huge quantities of these 
chocolates, ready for sale, were seized, together with no less 
than 50 tons of crude husk purchased in Germany and also in 
Holland. We have not yet heard what happened to the 
firm.” 




PART III 

CHEMISTRY OF CACAO 

A. SURVEY OF THE COMPONENTS OF CACAO, 
COCOA AND CHOCOLATE 


B. METHODS OF ANALYSIS 




CHAPTER XXV 


A. 

SUKVKY (IF 'I'HK f^OMl'ONK N'T I’ARTS OF KOASTEU 
CACAO BEANS— HUSK 

Roasted cacao is divided uj> during the process of 
inanufacdure of ((ocoa and chocolate into (1^ the hushs or 
shells, which are the by-product, of little value ; (2) the 
nibs, which, as has been seen in the foregoing chapters, 
should comprise the base for sweet and fancy (;hocolates,' 
and which, when partially deprived of fat for cocoa powders, 
constitute the most commercially important fraction of 
cacao. 


Husk. 

(8 per cent, to 20 per cent, of the whole bean.) 

Konig has shown the amount of husk, determined by 
Laube and Aldendorff, to vary considerably with the origin 
of the bean. This is not remarkable when the different 
processes which the beans undergo in fermenting and curing 
in various localities, previously described in Chapters VI. 
and VII., are considered. The following table (Table LVI.) 
shows two sets of results obtained by different authors 
on various cacaos. • 

The considerable variations which occur between the 
figures of different observers are j,ttributable to the varying 
proportions of sand and earth adhering. to the beans. Such 
differences frequently occur between the figures of the anme 
variety of bean sold under the same mark. 
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Table LVI . — VerccnUufc oj Husk in Cacao Beam* 



. 

1 

I. 

II. 

1 III. 

( 'araraw 


. i 

20(t9 

15 00 

1 „ 

14-20—20-10 

(iuaya((Uil 


i 


18-68 

11-20—14-50 

'I'rinidad . 



14 in 

14-68 

11-23—15-65 

Puerto ChIjcIIo . 



14-92 

12-28 

13-50 

iSoconuHco 



1 8 58 

— 

1 

Surinam . 




14-60 

! _ 

Machala . 




1 16-14 


Port au Prim e . 




1 16-00 

1 

Acrra 



-- 

— 

; 9-77-12-24 


• 1. KoniK, I)i<‘ mniHch. Sahr. n. GeniLHsm,., i., 281. 

II. Zip|)eror, “ UnterHuchungen uber (Vao, etc..” 55. 

111. Whym|KT and Bradley. Unpublished, 1920. 

Tlu* (‘heinioal nnnpositioii of husks from ('acao of dlffercdit 
varieties can be seen in Table LVll. 


Table IjVII . — Composition of Husk,‘\ 



1 it 

HI. 

JV. V VJ 

VII 

VlIJ 

Water 

12 57 5-12 

"Z” 

9 30 12-51 

4 .')0 

7 8:i 

Fat .... 

3 30 12 92 

3 6 

3-8:1 4 23 

4 40 

6 38 

AkIi .... 

7 35 6 92 

57 

6-46 8 26 10 20 

7-30 

7-12 

Nitnigen 

2-6:1 

2-05 

3-(M) 2-19 

2 50 

— 

Proteid 

14-69 16-44 

128 

18-81 13-69 

_ 

14 29 

Fibrt' 

16:i3 13-17 

— 

13-05 1.1-85 16 71 

14-(K) 

14-69 

Theobromine, caffeine. 

0-79 — 

0-58 

______ 

•— 

— 


1. 0. Paris, ZritecA. Mahr Genumm., 1898, vi., 389. 

II. F. T. Sehutt, “ Annual Rep. Exptl. Farms {Canada)," 1898, 151 ; 1899, 851. 

111. S. Dekker, ('hem. 1902, ii., 1217. 

IV’. H. Luhrig, ZeitAch. ^ahr Oentmam., 1905, ix., 263. 

V. A. Snietham, Jour. Royal Lanes. Agrie. Soc., 1909. 

VU. Zipperer, ” Untersuehungen Uber Kakao, etc.,” 55. 

Vll. N. P. Booth, The Analyst, 1909, xxxiv., 144. 

V’lll. Konig, Die mtnsch. A'oAr. Oennssm., i., 261. 

Besides lie^se analyses, there are many other contri- 
butions to our existing kiiowledge of the component parts 

* Fide alwi Uhapteirs VIII. and IX. 
t Vide alw» (Chapter IX., Tables XVIII. and XIX. 
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of cacao husk. The researches of Matlhes * and his co- 
workers are worthy of (*oiiiiiiei)i, as also are those of Pil- 
singer f and Wehnaiis.J and, more recenj^ly, Baker and 
Hulton.§ 

In the foregoing table, Luhrig’s figm^es are calculated on 
the di\y substance. Paris’, Schutt’s and SrneMiain’s results 
were obtained in ascertaining the food value of cacao husk, 
a waste j)roduct of Ihe chocolate factory, for cattle food. 
The utilisation of the husk for tin* })re})aration of a market- 
able product would be of great value to the cocoa and 
chocolate manufacturer, and the subject lias occupied the 
attention of man^^ chemists, agriculturists, and others. 

Knaj)]) II has considered this question, as well as Baker 
and Hulton, during the years of war, when both the regula- 
tions of the Food Controller and the ajipearance on the 
English market of “ cocoa teas ” necessitated investigation 
into the food-value of cacao husks. In 1910, a cocoa powder 
containing 18 ])er ceid. of shell was found to be genuine by 
law. In 1918, the “ Cocoa Powder Order ” regulated the 
manufacture and sale of cocoa powders, substantially as 
follows : — 

• (1) “ Grade A cocoa powder ” was to contain not more 

than 2 per cent, of cacao-bean shell, and could be sold as 
such, provided that not more than 60 per cent, of the cocoa 
powder, sold by the manufacturer in any month, was of 
this quality, and, also, provided that the powder, sold, was 
packed in cartons, or was consigned to a ]jerson authorised 
by the Food Controller to purchase “ Grade A cocoa powder ” 
not packed in cartons. The maximum price, fixed for 


♦ Matthcs, eto., Her.^ 1907, xv., 4195, and Zeit^rh. Xahr. OenuMMm.^ 1906, xii., 
159, etc. 

t Filsinger, Zeitnch. offenf. ('hem., 1899, etc* 

J P. WelmanH, ihid.^ 1901, vii.,491. 

§ ,1. L. Baker and H. F E. Hulton. Th Analynt, 1918, xtih., 189—197, 507. 

It A. W. Knapp, Jour. Hoc. Chem. Ind., July, 1918 (T.), xxxvii., 240—242 
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“ Grade A,” was is, 2d, j)€r pound, and the packets were to 
be suitably labelled to show the grade of cocoa, enclosed. 

(2) “ Grade B cocoa powders ” were defined as cocoas 
containing not more than 5 per cent, of cacao-bean shell 
(and no cocoa powder should be manufactured that contained 
more than this amount) ; and not less than 22^ per cent., 
and not more than 30 per cent., of cacao butter. This cocoa 
had to be invoiced as “ Grade B cocoa powder,” and was to 
be packed in barrels or cases, unless, at the buyer's request, 
the manufacturer packed the cocoa powder in cartons, 
which had to bear the words ” Grade B cocoa powder,” 
The maximum price, fixed for ” Grade B cocoa powder,” 
was 2s. 2d, yer pound, or, if sold in cartons, 2.s. 6^!. per 
pound. 

(3) Part 3 of the Order provided that no cacao shell, or 
any mixture (other than chocolate) which contained more 
than 5 per cent, of cacao shell, could be sold by retail, on 
and after April 8th, at a price exceeding 6d, per pound. 

Knapp calculated from the official returns on cacao that 
the world production of cacao shell was about 30,000 tons 
per annum, of which Europe was responsible for 22,000 tons. 
Great Britain, in 1916, provided 4,773 tons. 

The average amount of shell in cacao beans is about 
12*5 per cent. According to Knapp, and confirmed by the 
author’s experience, some lOJ per cent, of shell is easily 
removed. Of the ” smalls,” which approximate 4 per cent., 
about 36 per cent, is shell, and, owing to the losses on roast- 
ing, separating, etc., only about 78-5 per cent, of usable nibs 
are recovered from the original cacao, and of this about 
2 per cent, is shell, which is only with the greatest difficulty 
removed. The price for cacao shells rose rapidly during 
the w^r ; thus, in 1912, the price per ton was 65s. ; in 
1918, 1914 and 1916, 70s.; in 1916, 905, ; in 1917, 1285. ; 
whilst in May, 1918, 8105. was quoted. 

The variations in price, at any one time, for cacao shells 
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depend upon the amount of nibs left behind in the so-called 
“ offal.” Knapp quotes for shpll, in 1916, containing less 

Tablk LVIII. — Analyses of ” Cqcou Teas,^' 

(Baker and Hulton.) 


• 


Cocoa toH«. 


Cai-ao 

KhclI. 

Cacao 

nib. 

, CtM’oa 
(nlkn- 






! IKwd). 


A. 

B. 

C. 

o. 

Average, 

Average. 

Average. 

Moisture 

no 

10 8 

8-7($ 

10-44 

4 08 

3 0 

5-08 

Fat .... 

40 

20 tl5 

1205 

4 7 

3 50 

50 

24-0 

Total asli . . . 1 

15(1 

80 

7-48 

1004 

10-62 

.f-21 

0-78 

1764 

11 6 

9 52 

11 8 

11 46 

683 

9-07 

Ash Moluhle in water . | 

2 2 

2 69 

.5 78 

838 

5 14 

6 52 

0 t>8 

7 -SO 

4 2 

4-68 

1-21 

267 

5-2 

743 

Ash insoluble in hydro- | 

51 4 

•30 

•34 

•5 

2-5 

•04 

.<5 

< hlone u<u<l . . i 

605 

52 

43 

59 

2 72 

08 

29 

Soluble ash |>er cent, on 








total ash 

14*8 

72 

m 

00 5 

45-5 

38 

70 

Alkalinity of water so- \ 

:i:i 

3a5 

308 

4-28 

2-62 

•85 

3 03 

luhle ash as Kjt ^ . t 

39 

558 

3 92 

6 04 

276 

1 81 

434 

Water-soluble K^O [K*r 








l ent, on total ash 

2*2 

48 

41 2 

42 0 

28-1 

20 

4/f-7 

Nitrogen . . . | 

2 03 

2 38 

2 38 

2 00 

2-42 

2-3 

3tMl 

239 

345 

3 03 

3 13 

2-04 

49 

487 

Crude iirotein (N ( 

1209 

14 87 

14 87 

1002 

15-1 

14-37 

19-1 

b 25) . . . ( 

149 

21 55 

18 9 

19 55 

1652 

30 6 

27 8 

Cnnie fibre , . | 

12 8 

10-8 

13 8 

100 

15-42 

2-08 

4 3 

150 

1565 

17 5 

19 5 

10-8 

57 

0 14 

Matter soluble in eohl f 

21 7 

17 5 

20 2 

220 

210 

11-4 

10-6 

w'afer . ( 

255 

25 36 

256 

259 

230 

242 

284) 

Matter soluble in hot 





• 



wat(‘r 

27 3 

28 

34 

31 8 

-- 

— 

— 

]>*vigatioii swlinient . J 

— 

— 

— 

— 

27-0 

804) 

• 

1 41 
30 

- 

I*ri< e }»er [Kiuml (March, 








1918) 

«rf. 

l^. 

1«. 

\h. Ad. 

\ 

2d. nr3d. | 

• 

2v». 8d. 


«<N()TK. — The figureei in heavier tyjie are pereentage» on dry fat-fret* matter. The 
values given for average oarao nib are chiefly baaed on ’Winton, Silverman, and Bailey, 
and Booth, Oribb, and Richards {lor. rit.}. The alkaiined cocoa in the last column was 
a sample analysed by ourselves." 
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than 1 })er cent, of nibs, 120.s'. ; shell with 2-8 per cent, nibs 
present, 180.s*. ; shell with 40 ])er cent, nibs present, 1505. ; 
and shell with J5 j)er cent, of iiibs present, 2005. 

The use of cocoa teas ” in Ireland is well established, 
but it was only during the War that such preparations as 
“ Celesco,” and other cacao sh(dl ])roducts, found their way 
into lli(‘ English markets. Baker and Hulton have provided 
analyses of some “ cocoa teas ” of sufficient interest to be 
included in this ])lace (though we are inclined to differ from 
sonu; of their observations, es])ecially on sample B.), which 
are given abov(‘. 

“A. An inspection of the analytical values for this 
material indicat (^s ck^ai'ly tliat it consists of shell without 
any admixture of nib, the outstanding ])oint of interest 
being the remarkably high ash content, a larg(‘ pro])orlion 
of which is insoluble in hydrochloric acid. The samjde of 
which it is composed was ‘ earthed,’ and it is ])robable that, 
a consideiable amount, of finely-divided mineral matter 
would be [)resent in the emulsion ])re])ared from it, and 
would, therefore, be consumed by any oni‘ drinking the 
‘ tea ’ ])re]>ared from it. 

“ B. This sample, as we have just shpwn in the worked 
exampk' given above ” (the calculation is considered later 
in the present work), “ consists of a mixture of about 
04 per cent, of shell and the balance (36 ])er cent.) of nib. 
Till* analytical values also show that the beans of which it 
is composed have been roasted with a soluble alkali ; it 
contains the higlu‘st proportion of nib of any of the four 
samples analysed. 

“ C. This sain 4 )le is also a mixture of shell and nib, the 
percentage of the former being about 86 ))er cent., the 
balance (14 p§i’ cent.) being nib. Like B., it has also been 
treated with alkali. 

“ D. The values foimd for fat , crude fibre, and 
water-soluble j natter, leave little room for doubt that 
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no nib oni(»rs into the coin}>osition of this higli-prioiHi 
material.” , 

For a more balanced view of the supposed alkali treat- 
ment, the work of Arj)in,’*‘ to which alretidy full reference 
has been made in a previous cliaj)ter, should be (‘onsulted. 

Dubois has seni to Knapp the following tigures, obtaiiKHi 
in America, showing the digestible nutrients in 100 lbs. of 
shell : — Proteid, 1*58 ; fibre, 6*45 ; N.-free extract, 40*6 ; 
fat, 4*91 ; fuel value, 111,079 calories, or 1 lb. of shell to 
4,404 B.Th.TI. 

Knap]) also mentions that successful feeding ex})eri- 
nienfs with cacao shell hav(‘ been conducted in Turin, 
Geiniany and America, and (jiioti^s a case of poisoning of 
(*attl(‘ in Germany in 191G, suy)])osed to liave been due to 
cacao sht‘lls. in view of the numberless successful feeding 
trials tfiat have taken yilace, it. is more probable that too 
high a ])('rcentag(‘ of cacao shell was included, rather than 
that the poisoning was due to theobromiiH‘, as was suggested 
at the t ime. 

Th(‘ introduction of cheap oil-cakes had som(‘wliat 
limited th<^ [lossibilities of using cacao husk for cattle food, 
and it was only dunng the War that exyieriments were again 
nia<le on a large scale. Some excellent results have been 
obtained wuth cacao-husk cake on experimental farms. 
The feeding of cattle, milch cows, etc., on cacao husk, made 
u}) in a similar way to the modern oil-cakes, has showii that 
the animals thrive on the diet and put oi] weight. The 
amount of cream yielded by the milk of cows, fed on cacao 
cake, w^as found to be larger than from grass-fed animals, 
and, after a piolonged treatment, the (yuaptity of milk per 
cow was noted to increase sensibly also. 

The results of experiments can be found in tjie i^cords 
of the Society of German ChocMate Makers,! the annual 

♦ Arpin, Jnn. January, February, 1017, xcix., 10 — 14. 

t Korr. Verband. deutsch. Schokoladefab/' 1806, 32. 
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reportH of experilriental farms in Canada, and other works 
dealing with tlie valuation of waste (*iieao produ(ds, cattle 
foodstuffs, maiiures, etc. 

Other uses to which cacao husk has been put are for 
extraction of the fat, ])re})aration of a colouring matei'ial, the 
extraction of theobromine, as soil manure, ])rei)aration of a 
flavour for adding to roasted coffee and its substitutes, or 
to chea]) and inferior cocoa powders and chocolate. 

At the ])resent day, with modern efficient machinery, 
very liti^ c.acao-nib dust finds its way into tlie waste shell 
rece))t:acle during the ])rocess of nibbing, winnowing and 
grading; conse([uently, the ])ercen(age of fat which com- 
mercial cacao husk contains is due, almost entirely, to that 
pres<mt in the shell alone. 

The fat-content in cacao husk ranges from 8 })er (‘ent. to 
G per cent., and j)ractically all this is (capable of extraction 
by a suitable solvent, such as petroleum ether. The fat so 
extra(‘ted is low in quality, and would be rejected for use 
in better-class chocolate factories ; it does, however, find 
a 'market and may, with advantage, be used in t-he prepara- 
tion of cosmetics, etc., in which flavour is of little importance. 

After the fat has been removed, the residue may be 
treated with sulphuric acid (8 per cent, solution), boiled, 
neutralised with baryta, and extracted with chloroform, 
which removes the caffeine and theobromine, of which the 
husks contain some 0-G })ef cent. Dekker obtained 0*58 })er 
cent, of mixed alkaloids by treatment of the husks with 
magnesia, boiling with water and extracting with chloro- 
form. The set)aration of theobromine and caffeine may be 
accomplished by a further extraction with carbon tetra- 
chloride, or by cautious treatment with caustic soda. In 
the fiist casq^ caffeine is soluble in carbon tetrachloride ; in 
the latter, theobromine i^ removed, without the caffeine, 
by the soda. 

The husk finds further outlet in chocolate surrogate, or 
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“ suppen powder,” which consists of a •small quantity of 
cacao waste, and sugar, meal, spices and colouring matter 
in varying quantities. This constitutes a qheap chocolate 
powder of very inferior quality. 

A cacao shell powder of commerce, analysed by the 
author, showed 9*8 per cent, moisture, 7*2 per cent, ash, 
10*2 per cent, fat, 15*6 per C/ent. albuminoids or proteid 
matter. Such a powder shows a good value on analysis, 
but the remaining 57*2 parts was of an indigestible fibrous 
nature which might reasonably set up irrit ation in a weak 
stomach. 

“ Cocoa tea ” of Germany, and “ miserables ” of Ireland, 
are independent articles of commerce and consist of cacao 
husks, *in powxler or shred, the infusion of which in boiling 
water is drunk after the manner of tea by the poorer (*hisses 
of the two countries. As already mentioned, “ cocoa 
leas ” made their a})])earance in England again during the 
War. 

An infusion of cacao husk is not un])alatable and, when 
concentrated, is used for improving the flavour of ch^ap 
cocoas. The j)reparation of “ improvers ” froui cacao husk 
forms the subject^of many English, French, and German 
patents. 

The composition of cacao husk from beans of different 
origin does not show important variations ; such differences 
as do occur are attributable to* the varying proportions of 
earth, sand, and similar extraneous matter^ found adhering 
to the outer shell, and to the percentage of moisture which, 
owing to the different processes of curing and dryiiig under- 
gone, shows considerable variation. 

Booth * has shown some interesting figures which are 
worthy of reproduction, since they provide information on 
the alkalinity and cold-water ^tract, the results for the 
latter being of imjportance in the estimation of the cacao 

• N. P. Booth, The AruUystt 1909, xxxiv., 144. 
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present in a sanif)ln of cocoa or clio('olatc.* These figures 
should be coni})ared with, those given by Arpin, shown in 
Chapter XIV. of the ])resen1 work. 


Tahlk LIX. — A^mlyses of BoasUd Cacao Husk. 
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Tile average moist ure of the shells, shown by Booth, was 
4*5 jier cent., against. 3*0 ])er cent, for the average of the 
(^orresjionding nibs, whilst the “ cold-water extract ” was 
found to be the same, for all prac'tical purjioses, in both nib 
and shell. 

^ The composition of cacao husk having been now dealt 
with in the general way, there remains the important con- 
sideration of the individual components, which will be taken 
seriatim. 

Moisture (5 per cent, to 12 per cent, of the raw, 2 per- 
cent. to 8 per cent, of the roasted husk). 

The amount of moisture, which any given sample of 
cacao liusk will .contain, will depend, firstly, upon the degree 
to whi(di the i>articular beans were dried ; secondly, to the 
treatment which they may have suffered during transit or 
storage ; and, thirdly, upon the degree of roasting, and the 
time of standing before the sample was taken. 

There is liyle need for further discussion on this point, 
as figures, illustrating the ' percentage content of moisture 
in beans fresh from tlie pod, after fermentation, raw com- 

♦ I'Mie Chapter XXX. 
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raercial, before and after roasting, will be* found in this and 
preceding chapters. , 

Fat (8*5 ])er cent, to 8 ])er (*ent. of the Vaw, 4 })er cent. 

to 10 per cent, of the roasted husk). 

• 

The fat which is present in the husk is tlu^ same as that 
found in Hie kernel and is commercially known as “ cacao 
butter,” or “ cocoa butter,” though the latter term should 
not be used, as confusion will arise bet ween this fat and that 
obtained from the coconut })alm (Coro.s* nucifera). 

There is an extremely small ])roportio!i of fat in the 
original fresh husk of the cacao bean, the (piantity found in 
the feumented and dried bean being chiefly du(^ to that 
absorbed from the kernel. 

In Holland, the shells ar(‘ extracted with ether and 
benzine, and a low-grade cacao butter is jiroduced, which, 
how(‘ver, has more a})plications in ])harmaceutical })re- 
})arations than for (diocolate making, owing to its poor 
and often unpleasant flavour. By treatment with 
deodorising carbons, the fat can be })roduced of quite 
neutral flavour, which renders it suitable for the foodstutf 
industries. • 

( acao fat is a mixture of glycerides of fatty acids, and 
contains, besides stearin, palmitin, olein, and laurin, the 
glyceride of arachidic acid. The occurrence of theobromic 
acid (C 64 H 12 ^ 02 ) has been mentioned by Kinzett,’*' but is 
disputed by both Graff and Traub,f who. were unable to 
find any fatty acids of higher molecular weight than 
arachidic. 

A very large number of investigators Jiave studied the 

composition of cacao butter. Hehner and Mitchell § found 

• 

* C. KinTJPtt, Jour. Chem. Sor. 1878, xxiiii., 38. 

t Ciraf, Arch. Pharm. (3), xxvi., 830. 

X Traub, (3) xxi., 19. 

§ Hehner and Mitchell, The Analyst^ 1890, xxi., 331. 
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40 per cent , of Hlearie acid ; Farnsteiiier * * * § obtained 59*7 per 
cent , of saturated a(ddH, 8*12 per cent, of oleic acid, and 
6*8 ])er c,ent. other acids. Kliinont,f who regards these 
acids as existing* nminly in tlie form of mixed esters, has 
isolated the following substances by fract ipnal crystallisation 
of the fat from ac^etone : — 

(1) A fractioi] melting at 70° C., having an iodine 
value = 0. This he regarded as a mixture of tripalmitin 
and tristearin. 

(2) A fraction melting at 81° to 82° C., with a saponi- 

fication value 196*4, iodine value ~ 28*t). This fraction 
had an (UJipirical formula ^^inl was judged to be 

a luixed triglyceride, oleo-])almito-stearin. 

(8) A fraction melting at 26° to 27° C., having an 
iodine value 81*7, a saponification value = 210, and an 
em}>irical formula (CsjHgeOe). This, Klimont considered t.o 
be a mixed glyceride, containing the radicles of myristic, 
))almiti(* and oleic acids, and, possibly, of some still lower fatty 
acids. Triolein was not deteided in the tat. 

Matthes and R()hdlicli,J in determining whether cacao 
butter contained any constituent with a pronounced influence 
ui)on the flavour of cacao, succeeded in, isolating from the- 
unsaponifiable matter two phytosterols identical, apparently, 
with sitosterol and stigmasterol, previously isolated by 
Windhaus from the fat of. the Calabar bean. There was 
also present an oil with a pleasant smell, resembling hyacinth. 
Fritzweiter § isolated 6 per cent, of oleodistearin from the 
fat, which had been removed by Heise’s method. 

Other contributors to our existing knowledge of the 
composition of cacao butter, that must be mentioned, are 

* FATTirttemer, Sahr. Ornnmm., 1899, ii., 1. 

t Klimont, Monatfch., 1902, xxiii.,'5l ; 1905, xxvi., 503; Ber. Chtm. Qe»., 1901, 
xxxiv,, 2638. 

{ Matthe« and Rohdlieh. 1908, xli., 19. 

§ R. Fritiweit«r, Chem. 1902, i., 1113. 
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iewkowitscai ,♦ Strohl,t J>^ Negri aiul Fii,bris,t Filsinger,§ 
Vright,!! Rakusin,^ etc., whose \vorks should be eonsulted, 
f fui-fher inforiuatioii is required. , 

According to Schildler, cacao butt er Tias the following 
ileinentary composition : Carbon, 75-20 per cent. ; hydro- 
gen, 11*90 per cent. ; oxygen, 12-90 per cent. 

Cacao butter is a yellowish solid, tmning gradually 
vhite on kee})ing. It breaks with a smooth fracture, ])OS- 
;esses an odour resembling that of cacao and has a smooth 
ind pleasant taste. The fat softens at, 26-(C i\ and melts 
between HI -1° and HH-tC 

The British Rliarmaco])<eia test for its imrity is as 
iollows : If 1 grni. be dissolved in H cc-s. of ether, in a test- 
tube at 17° C., and the tube i)laced in water at, 0° C., the 
liquid should neither become turbid nor deposit, a granular 
mass in less than three minutes ; and, if the mixture, 
after congealing, be exposed to a tein])erature of 15*o C., 
it should gradually afford a (dear solution (absence 
of other fats). This is a modification of Bjorklund’s 
ether test.** 

The physical and chemical constants of cacao butter 
have been estimated by a number of investigators and will 
be found, classified*, in Table LXI. It is, however, desirable 
to discuss the meaning of these constants, in order to under- 
stand their significance. 

The Specific Gravity. 

The specific gravity, or the “ weight of unit volume,” of 

* Lewkowitsch, Jojit, Soc. Ohetn. Ind., 1898, xviii., 55tt, ©tc. 

t A. StroW, Zeitseh. anal. Ohem., 1896, xxxv., 166, etc. » 

J De Negri and Fabria, Ann. Lab. Chim. Centr. delU Oabelli, 1891, xcii., 268, etc. 

§ Filainger, ZeitJrch. anal. Chem., 1896, xxxv., 617, etc. 

II Alder Wright, Oila, Fate and Waxes, a»d their Manufactured Products,” 1903, 
629, ©tc. 

% M. Rakuain, Chem. Zeii., 1906, rxix., 139, ©tc. 

•* Vide Chapter XXIX- 
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the fat, compared' with that of water at the same tempera- 
tuns extremely useful^ in determining the purity or 
nature of the fat under consideration. In the case of 
ca(*ao butter this Is especially so, as its specific gravity, in 
the solid states is higher than the fats with which it 
is likely to be confounded, or adulterated, whilst, in the 
litpiid and molten state, the specific gravity will be found 
t,o b(‘ lower than that of its ])r()bable adulterants {vide 
Tabk. LXXX.). 

In taking the specific gravity of tlu‘ solid fat, it is 
iKH'essury to allow the oil to remain solidified for several 
days, in order that it may assume its normal crystalline 
form. 

It has, moreover, been shown by a number of observers 
that an <‘xpressed fat has a different s])ecilic gravity to an 
extracted fat ; it is neci^ssary, therefore, when taking tla^ 
value, to state by which process the fat. has been obtained 
and to give, also, the age of the sample. Thus Hager gives 
the normal specific gravity of cacao butter, at 15° C., as 0*95 
whVni fresh, and 0*945 when old. Lat er values, by the same 
investigator for fresh butter, are from 0*96 to 0*98 at 15° C. 
Cacao butter, extracted by solvents, shows a higher s])ecilic. 
gravity than the expressed fat, Kammsbeiger finding values 
of 0*95 for expressed, and 0*99 for extracted fat. 

The Meltiny-j)oinf. 

The melting-point of cacao butter is usually given as 
83° C., but figures ranging from 28° to 86° C. are to be found, 
recorded by various investigators. The differences, found, 
may usually be attributed to a different source of origin. 
The melting-point of cacao butter, extracted from beans of 
various cacaos, has been frequently shown to vary ; thus 
White and Braithw-aite and others give the following 
results : — 
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Table LX. — Varuitwn oj Mdiing-point of Cacao 
Butter, with Source of Orujin. 
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I. Zij>|K*rer, 'Flic Miuuiftu'turi' of (’h(»<'olate, ' 

11 and F^raitlnvait**, Unt and('ol. htmjtjisf, 1H1>7, XM. 

III. Korr. Vtrhnnd dvutxrh. Srhohdad^fah., 1K89, v, <m. 


Old buttor has, moreover, a hi^jflier meliing-point than 
fresh, extracted or ex})ressed fat. 

De Negri and Fabris give the melting-point of cacao 
butter as 28^ to 80*^ 0., and tlie solidifying-point as 21*5° 
to 28^ i\ 

The detcrminatibn of the melting-j)oint, by itself, is no 
criterion of the purity of the cacao butter. 

The Bromine and loddne *AI)fior})tion Values, 

Organic com[)ounds containing a group of the character 
CB = OS tend to combine, under suitable (*onditions, with 
members of the halogen group, such as iodine and bromine. 

By determining the amount of halogen fixed by a given 
acid or mixture of acids, useful information as to the nature 
of the fatty acids, present, is obtained. Thus, in a silnple 
case : * • 

->Ci7H33Br2.CO.OH. 
Dibromostearic acid. 


C17H33CO.OH -f Brg 
Oleic acid. 
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111 deteriiiining the halogen absorption value, it is more 
simple to make use of the, iodine method, and it is intended 
here to consider only this quantity, the bromine equivalent 
being easily fouifd in works treating with oils, fats, etc., or 
calculated from ihe iodine figures. 

Stearic acid does not absorb iodine, wfiilst oleic acid takes 
up per cent, of its weight of the halogen. We have, then, 
a means of i)artially discriminating between fats containing 
varying pro[)ortions of olein to stearin. Thus, to take extreme 
cases, the iodine valine for cacao butter is about 35, whilst that 
for alniond oil is about 100, and that of coconut stearin 
around 4. 

Lewkowitsch has shown that the iodine value of cacao 
butter increases slight ly with age, though still not outside 
the i)ossibilities for normal fat. 

The lowest value for iodine absorption by cacao butter, 
that can be found, is 32*0 by Dietrich, and the highest 
41*7 by Strohl, though, again, neither value is much beyond 
the normal figures of Lewkowitsch, 34*27 to 36*99. Filsinger 
found that cacao butter from different varieties of beans 
showed varying figures of iodine absorption, ranging from 
35*1 for Porto Plata to 37*1 for Guayaquil Arriba. 

The iodine value indicates the amount of iodine per cent, 
absorbed by the fat and is, consequently, a rough indication 
of the unsaturated fatty acids of the oleic acid type present. 
The unsaturated fatty acids directly combine with iodine 
and bromine to form dibronio- or diiodo-substitution deriva- 
tives, The corresponding glyceride derivatives of the 
unsaturated fatty acids behave in like manner, thus : 

CaH5(C,8H3302)3 +31, ^CaH5(Ci8H33l,05^3 

Olein (glyceride of Iodine Glyceride of diiodo- 

** oieic acid) stearic acid. 

The method of bringing about this reaction is discussed 
in chapter, and the value is a very useful indication 

purity of the fat, under examination. 
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“ Shell butter,” or “ Dutch HA ” <5acao butter, has, 
according to Filsiiiger, an iodine absorption value of 89 
to 40, and is, as a rule, higher than that of the fat extracted 
from the nib. 

The SajxAtiJk'aiion or Koetistorfer Value. 

The saponification value is derived by a determinaiiou 
of the number of milligrammes of potassium hydroxide 
required to saponify 1 gramme of the substance. The various 
glycerides, of which most of the fats are composed, are con- 
stituted so that, on saponification, they break* up into 
glycerol and the alkaline salt of the fatty acid they cojitain. 
Owing to tlie different molecular weights of the various fatty 
acids, Ihe quantity of alkali that will be required to bring 
about saponification will vary. The quantity of })otassium 
hydroxide requisite for complete saponification of a fat or 
glyceride is, therefore, a measure of the molecular weight of 
the fatty glyceride, or mixture, under consideration, and 
represents not only the free but the total fatty acids present. 

The saponification value of cacao butter ranges frbm 
192 to 202 (Filsinger), and is usually 194 to 195. Dubois has 
^forwarded to the author the saponification values of eleven 
samples of cacao fiutter, which range from 192-4 to 195-2. 
The figures, obtained by various investigators, vary very 
little, even the ageing of the fat causing but small increase, 
a fact which is easily understood when it is realised that the 
saponification value is a measure of the total fatty acids 
present, which would not be increased by the fat becoming 
rancid. 

Acid Valw. • 

The hydrolysis or breaking down of the fats into more 
simple substances, of which the fatty acids fdrm the principal 
part, occurs, to a small extent, on the extraction of the fat by 
means of solvents or expression and always takes place, to a 

25^t 
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greater or l(^ss degree, after ihe fat-containing seeds have 
been detached from the ijlant. This is brought about by 
tJie Ii])oly<ic enzymes and ferments of the vegetable kingdom, 
whose duly it is' to break down the fat to form readily 
assimilable food for the growing plant. 

The ])resenc(^ of free fatty acids, in any quantity, is most 
d(‘trimental to the flavour of a fat, with the exception of 
olive oil, the flavour of which is supposed to be improved by 
a small (luantity of fatty acids. 

In cacao butter, which is less liable to turn rancid, the 
presence of fatty acids is most objectionable, and it is very 
easy to recognise a tainted sample. 

L(‘wkowit.sch * has determined the acid value of a number 
of samples of cacao butter, and, whilst the ordinafy fresh 
fat shows from om^ to two for a measure of free fatty acid, a 
sam])le kiqd for ten years in a sealed bottle had risen to 
4*G. The maximum amount of fatty acids is found in fats 
extracted by solvents and from b(‘ans which have been 
stored for a considerable time, as, in these cases, the fat has 
been in (‘ontact with the actives ferments for the greatest 
period. 

Ballantyne,t however, was unable to trace any connec- 
tion between rancidity and liberation of Tatty acids, though 
S[)aeth X admitted that, in the case of lard, rancidity was 
attended by a considerable formation of volatile acids. 

llancidity is an oxidatidn process, brought about by the 
action of oxygen, light and ferments, and Spaeth observed 
that, as the oxidation increased, the power of absorbing 
iodine correspondingly decreased. Fats, thus oxidised, 
were observed to possess a considerably higher refractive 
index than the normal fats, a fact which has been attributed 
to the* polymerisation of the unsaturated fatty acids. This 

•• 

* J. Lewkowitiioh, Joum. Sloe, Chetn. Ind.^ 1899, 550. 

f Ballantyne, Joum. Sor. ('hern, Ind,, 1891, x., 29. 

J Spaeth, ZtiUch, anai. Chem.y 1896, xxxv., 471. 
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has been cohfiriued by Mjoen,* though this exi)eriinenler was 
unable to trace the action of bacteWa or moulds in the proc-ess 
of oxidation. ^ • 

The estimation of the chemical and })hysical constants of 
the fatty acids, in ii^niamier similar to those of tlie fats, oft(‘n 
affords valuiible information as to tlu* natun^ and i)urity of 
the fat , under consideration. 

The licichert-Meusl Value. 

Tlie im])ortance of the Jleichert.-Meissl value de])(‘nds 
upon the fa(*t that various natural oils and fats yi(‘ld. on 
saponiti(*ation, the alkali salts of fatty acids, many of winch 
are volatile in steam. Their estimation constitutes this 
value. 

In the case of butter from cow’s milk, the Keicluat- 
Meissl value ranges from 25 to whilst caca-o butter 
never exceeds 1. Lewkowitsch found this value to be 1h(^ 
lowest in a ca(‘ao butter, ke))t for ten years in a sealed bottle, 
and records a figure 0*2. Dubois has forwarded to the author 
Reichert -Meissl values for eleven samples of cacao butter, 
varying from 0*10 to 0-Gl. 

* The actual metltod of determining these figures will be 
found in a later chai)ter. 

Hejractivc ludex. 

The power of refracting light, ])Ossessed by different oils 
to a different degree, constitutes a valuable method of discri- 
minating one from another. Suitable instruments have 
been devised for determining refractive indices, the Zeiss 
butyro-refractorneter, now so extensively used, being, 
perhaps, the most convenient form. 

The refractive index of cacao butter has been recorded by 
Strohl as 1-4565 to 1-4578 at 40® C., and by Prcxdor as 1-45 


Mjoen, Forach. Ber., 1897, iv., 196. 
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at 60° C. These 'figures represent roughly 46° to 48° on the 
Zeiss butyro-refractoineter scale at 40° C. 

Table Chemical and Physical Consfonts of 

Cacao Butter. 



I. 

II. 

in. 

IV. 

i 

VI. 

HjK'clflc griivHy 

9 964 0 974 



_ 

0-964-0 974 



Melting-point . 

at 15" ('. ; 

0 8577 Ht It8“ C. 
.{(»' :u" C. 

26*6 '-;vr(’ j 

20" .3.5° C ' 

32°-3.3-6° C. 

at 15° C. 

30°-34° C. 

.30°-34-.5° C. 

ItKlInc vhIiii* 

:i2 0 42 9 

.'14 27-^26 99 1 

;i2-9-:i7-9 

33-4- .37-5 

32-0-37-7 

34-0-37-5 

HApunificuIlQn 
viiinc . 

192 9 195 9 

, 191-8 194 5 i 

103 0-205-9 

195-0 



192 0-202 0 

Acid value 

— 

11-4 6 1 

— 

— 

10-2 3 

9-24-17-9 

Hcichert-Meiwil 
value . 

' 0 2 0 9 

1 

0 38-0 04 ' 








Hefraetlso Index 

; — 

“ 1 

Zelfts 

— 

— 

Zeiaa 

Acetyl value . 

1 

271-2*86 

bntyTO- 

refract.o- 
nicter value 
at 40” (’. 
46 48" 





! butyro* 

1 rcfracto- 
meter value 
at40°C. 
j 46-47-8’ 


Thfl melting-point of the fntty neida, oittuintHl from iiictto butt-er, hiw been recorded by various 
tnvestigatorH as from 47°~4trC. The atithor has examined one sample which melted at 52° C. 
The Iodine value of the fatty aelds has been found to be W 0 (De XegrI and Fabrls). 

1. Allen's " Commercial Organic Analysis," 1010, vol. II , 71. 

H. Lewkowltseh, Joiirn. Sor. Chem. Ind , 1809, 558; " ( hem leal Technology and Analysis of 

Oils, Fats, and Waxes," 11X19, etc. 
in. Whym|)er, 1910. 

rV. Fllsliiger, A’orr. VerlHtftd. dutlwh. SrhokcJtuhfah,, 1889, v , 65 , Zeilnch. anal. Chem , 1890, xxxv., 
186, etc, 

V. Dletorh h, In R. llenedlkt's " Analysis of Fats and Waxes," ^tc. 

VI. Zlpperer, " The Manufacture of Clioi'olate,’* 1902, 4.'>. 

Fibre (12 per cent, to 15 per cent, of the raw, 

18 per cent, to 17 per cent, of the roasted husk). 

The estimation of fibre in a cocoa powder or chocolate is a 
guide to the amount of cacao husk, present. Ludwig * has 
made a series of analyses of known mixtures of husk and 
cacao and, by estimating the amount of fibre (by a modified 
Kfinig’s method f) in the samples, has given valuable 
assistance to fhe analyst desirous of ascertaining the extent 
of intentional or careless inclusion of cacao husk. 

* Ludwig. The Analyst, 1906. 362. 
t mOiapterXXX. 
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Six samples of cocoa powder gave 4*98 per cent, to 5*96 
per cent, (average 5*60 per cent.) pf crude fibre, calculated on 
fat-free material j the quantity of fat, presenl^in the samples, 
ranged from 25*05 per cent, to 27*92 per cent., giving an 
average of 25*78 jw cent. The sample of cacao husk 
contained 3*08 per cent, of fat and 14*47 per cent, of crude 
fibre. 

A mixture of equal parts of the six cocoas was then made, 
to which increasing proportions of husk were added, with the 
following results : — 


Table LXII . — Crude Fibre in known Mixtures of 
Cocoa and Husk, 




(Yude fibre In faHree 



l>owder. 


Fat. 

- - 




Found. 

Calculated. 



For cent. 

Per cent. 

CVj<'()a 

20-78 

5 50 

5 00 

,, -f 6 i>or cent. huHk . 

24 07 

6-03 

0-10 

«. -f" U) ,, . 

24-00 

0-39 

0?1 

«i -f- 20 .. ... 

21 44 

8-00 

7-79 

«. -+■ 40 .. 

10-02 

10-18 

9-74 

-f- 00 .. ... 

12*04 

11 72 

11-48 

,, -f- 80 «4 > 

8-20 

13-28 

13 *04 

• 


1 



The estimation of pentosans in cacao shells has occupied 
the attention of many observei^. 

The name of “ pentose ” is given to that class of com- 
pounds in which the alcoholic is joined *to the aldehydic 
function, and their general formula is C 5 H 10 O 5 . 

The pentoses, like the hexoses or cane-sugar group, may 
be found almost everywhere in nature, the gums, arabic 
gum, cherry-tree gum, etc., being almost entirely composed 
of pentosans.* • * 

K. Adan,* who has carefully estimated the pentosan*- 

« R. Adui, BuU. 80c, Ckim. Belg., 1907, xxi., 211. 
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C'onleiit of cacao lifisk, lias shown it 1o contain 7-57 per cent, 
to 10*58 ])er c(*nt. of penlo^ans, as against 1*19 per cent, to 
2*19 ])er cen< . lor the nibs. V. Welnians * has given 8*5 })er 
cent, for the husk And 2 jier cent, tor jiure Dulcli cocoa as the 
ptaitosan-conlenl., wliilst Dekkerf lias published hgures 
ranging from 8*18 ])er cent, to 9*()8 ])er cent, tor the husk, 
2*17 ])er cent, (o 2*41 per cent, for the nibs, and 2*56 jier cent, 
for j)ure Dutch cocoa. Adan X gave some results at the 
S(^V(Mith International Congress of A])])lied Chemistry held 
in London, which showed the variations of jientosan-content 
of husk {'ind nib, of several varieties of cacao. His results 
are given in Table LXIll. 


Table ]i\llL~Penfosan-Conieni oj lioasied Nib muVRusk 


Ml). Hu»k(tlr>), 


Arriba 

] 29 

9 97 

J^l^t nu . 

1 -27 

i i)i 

San I'homo 

1 45 

8 49 

1 (’araoHH 

1 19 

7-78 

i Bahia 

177 

9 45 

1 StK’onusoo . 

1 

1 21 

10 5:i 


Luhrig and Segin§ gave 7*59 per cent.»'to 11*28 per cent. ' 
for the iientosans found in husk against, 2*51 per cent, to 
4*58 ])er cent, found in the corresponding nibs, and many 
other observations of this value have been made. 

Konig,il in estimating the amount of cellulose present in 
cacao husk, found that treatment with sulphuric acid and 
jiotash in the usual manner brought about an alteration in 
the pentosans, so that the results, obtained, did not represent 
the true amount of cellulose present. 

P. Wehn^. ZetUKh. Offent Chefn., 1901, vii., 491. 
t S. Dekker, I'hem. Centr.^ 1902, ii., 1217. 

J R. Adan, Intermit. Cong. App. Ckem., 1909, soot, viii., C. 20.*!. 

§ H. Lulirig and Begin, Zritm-h. A’oAr. 1900, xii., 161. 

II KOnig, ihid., 1898, 3 
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The same author * recommends the estimation of pen- 
tosaiis by a method with pliloroglucine, whilst Tollens ■j’ and 
his pu])ils have obtained extremely accugvte results by 
estimating })enlosans, })resent, by both vofumetric and gravi- 
meliic methods, which Adan ado])ted in his exj)erimeuts. 
These methods will be described later. 

Fincke J has found in dry fat- and ash-free liusks 20*21 
per cent, of crude fibre, composiHl of t)*88 cellulose and 
9*92 lignin, against 9*28 ]a*r cent, crude libre, (*oin]K>s(‘d of 
B-oT cellulose and 5*47 lignin for the dry fat- and ash-fr(H> 
cocoa ])owder, prepared from the corres])onding nibs. 

Further discussion of thelibn*-, c(^llulose-’, ])entosaji”, et('., 
cont<‘nt of cacao will b<‘ madc^ when cocoa ])Owders and their 


Table LXIV . — Atutlysis oj Mincml Matter from 
Cacao Husk.^ 


j 

Mara- 

caibo 

Caracas. 

Trinhliul. 

Ouava- 

(|0il 

Mai'hala 

Piirto 

JMata. 

Ash <lrK‘(l ut 100 (\ 





• 

1. Insoluble in dilute hvdroehlone or 






j nitne aeid : ^ 

1 (a) Volatile ab<tve, and <lne<l at, HMl (\ < 

0 11 

0 42 

0 98 

0 31 

1-25 

I {/*) Fixetl at red heat • . , . 

i 11. Soluble in dilut<* hydroelilorie (»r j 

1 92 

47-71 

29 22 

37 66 

51-51 

niiru- acid : ' 

(< ) I’otassium oxide ( K.jO) . . . ’ 

31 .>2 

11-81 

25 87 

23-12 

12 17 

(d) Sodium oxide (NajO) . . ' 

4 19 1 

3 30 

2 73 

1 21 

2 78 

(e) Calcium oxide ((!aO) . . . i 

10 13 

44 46 1 

5 10 

3 50 

4-40 

{J) MagTiCHium oxide (MgO) . . j 

• 9 r>r> 

4-70 ! 

5 21 

4-84 

4-09 

1 {(j) Ferric oxiile (FcjOg) . . . j 

0-63 

0-93 1 

0 34 

0 96 

0-46 

j (A) Aluminium oxide (AljOj) . . j 

0-28 

1 55 

0 71 

1 85 ! 

1 -05 

I (/) Sdicic oxide (SiO,) . . . ' 

' {k) Phosphoric anhydride (PjO^) . ! 

118 

' 7-98 

•242 

4 32 i 

6-78 

9 07 

liui 

4 70 

7-29 

7 24 

(/) Sulphuric anhydride (SO,) . , ! 

3(14 

1 48 

i 3 40 

1 74 

2 01 

j (w) Chlorine (Cl) . . . . j 

101 

0 22 

1 -02 i 

0-26 

t>44 

(n) Carlxinic anhydride (COj) . . | 

25 45 

5-40 I 

i 16-29 

11-8.3 

4 25 

(o) Water (HjO) . . . . j 

2 14 

2-50 ^ 

i 2 26 

1-17 

1-66 

(jp) Oxygen (O) equivalent to chlorine . ^ 

! 

0 23 

0-05 

i 0-29 

1 

0-06 



0 10 


* Konig, ** Unterwuch. Iandwirt«haft*u. gewerbo 8toffc,” 1906, 

t Tollens, etc., ZeUnch. angew, Chem., 1896, 712, '749, etc. 

X Fmcke, Zeit^h. Nahr. Genusum., 1907, xiii., 265. 

§ Vide also Chapter XII., Table XXVII. 
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possible contamination or adulteration with cacao husk are , 
considered in Chapter XXXII. 

Ash (B per Cffnt. to 9 per cent, of the raw, 3-5 per 
cent., to 10*5 per cent, of the roasted husk). 

The most exhaustive analysis of the ^-sh or mineral 
matter, obtained from cacao husk, has been made by Bense- 
inann,* who gives the preceding table. 

The most important variations occur in the amount of 
insoluble, mineral matter, fixed at red heat. This would 
consist chiefly of silica or sand, picked up during the processes 
of preparation of the beans for market. 

Considerable controversy has raged round the piineral 
matter ])resent in cacao, not so much as to the actual salts 
j)resent in raw cacao, but with regard to the effect of incinera- 
tion upon the salts naturally present, and subsequently 
added, in the preparation of “ soluble ” cocoa. Baker and 
Hulton, and Arpin, in papers already quoted here, have 
considered the alkalinity of the ash especially, and many 
others have ))rovided comjdete analyses. 

Arj)in found the aqueous infusion of shells of cacaos 
from Trinidad, Madagascar, Carupan/o, Ibarro, Chuao 
and Puerto Cabello to be all slightly, or strongly, acid. 
Working on the ash of these shells, he compiled the 
following table : — 


Raw cacao Iwaiw. 

Hototnre. 

Per cent. 

Ash. 

Per cent. 

Alkalinity of the aliella. 
Percent. (K*COa). 

Raw. 

Dried. 

* 

Accra .... 

1228 

679 

r>24 

6-97 

Bahia .... 

13 24 

6-60 

4-23 

4-87 

Caru]iiu)o m 

«-52 

743 

4-69 

6-18 

Cliuao . . . ‘ 

8«0 

11-60 

4-56 

4-99 

Madagascar . 

11 93: 

6-62 

4-97 

664 


♦ E, BensemAnn, Rtp. anoitfi. Chem,, 1886, v., 178. 
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The value of such figures as these has discussed more 
fully in those chapters dealing with the alkalinity of cacaos 
and the detection of added husk to cocoa pc^vders and other 
cocoa preparations. 

Duclaux * wag the first to find small quantities of copper 
in the ash of cacao, and Galippe,t confirming his results later, 
found that the greater part of the copper existed in tlie husk 
and that, in some samples of inferior chocolate examined, that 
metal was present in as large a pro})ortion as p*12 gramme 
to a kilo of cacao. Gautier, in 1883, had i)ublisljed a book 
in which he stated that cacao shells contained as much as 
0*225 gramme per kilo, but Formenti,J in checking these 
results, obtained 0*014 to 0*040 gramme per kilo in the sliells 
and 0*020 to 0*084 gramme of copper in the nibs. 

Theodromine (0*4 per cent, to 2*0 per cent, of the 
raw or roasted husk). 

It has already been pointed out that the theobromine, 
caffeine and otlier alkaloids are extracted from cacao Imsk 
on the commercial scale. Dekker § was only able to extract 
0*5 per cent . of theobromine from the husk, though Eminger || 
• obtained 0*76 pqr cent, and Wolfram ^ 0*42 per cent, to 
1*11 per cent., the latter figures being obtained from the 
husk of Caracas beans. 

“"To theobromine and its accompanying alkaloids are due 
the stimulating proi>erties of cocoa and chocolate, from 
1*0 per cent, to 3*0 per cent, being found, in the nibs from 
which the preparations are made. The degree of roasting 
is an important factor in determining the amount of theo- 
bromine to be found in the roasted huaks, nibs, and their 

* Duclaux, Bull, de la ISoc. Chim.^ 1872, 33. 
t Galippo, Jour. Pharm. Ckim., 1883, vii., 506. ^ 

} C. Formenti, Tkiiach. Nahr. 1913, xxv., 149 — 164. 

§ J. Dekker, Rec. Trav. 1903, xxii., 143. 

H Eminger, Forsch. Ber. Uber Lebensmiittl^ etc., 1896, iii., 275. 

^ Wolfram, Zeit&ch. anal. Chem., 1879, xviii., 346. 
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l)re])iiraiionH, as the alkaloid is volalile^ subliming at 134° C. 
Avilhout iiKilting. Kna])p, 4io\vover, on the contrary, lias 
stated that, he has found slightly more theobromine in the 
roasted tjian in unroasted cacao shells and has attributed 
t.he tact to the difficulty Avith \vhi('h theol^romine sublimes. 
The sanH‘ writer Inis stat.(‘d that a higher temjierature, than 
that, at, which cacao is roasted, is required to bring about 
sublimation, though the accuracy of this statement is open 
to question. 

Woskres(msky * was the lii*st to iind theobromine in the 
seials of Theohromn cacao to the (‘xtent of 1*3 jier cent, to 
4*() ])er (‘(‘lit. This early investigator was followed by 
Glasson, KelliT, liochledca*, and Strecker, all of ^vhom 
obtained high<u‘ values than acci edited at the present time. 
Kunze * 1 * has mad<^ a V(‘ry com})lete study of the published 
analyses and methods of sejiaration of theobromine by 
Weigmann, Mulder, Wolfram, Zipiierer and many others, 
and has found their methods to ho im))erfeci and their 
values to b(^ inaccurate. 

Fischer J was the first to synthesise theobromine which 
he i)re])ared by heating a lead salt of xanthine (C 5 H 2 rbyN 402 ) 
with methyl iodide ; the synthetic product possesses the 
same physiological and toxic actions as the alkaloid extracted 
from cacao and has largely replaced the natural product in 
pharmacy. 

Theobromine (C 7 H 8 N 4 O 2 ) or dimethylxanthine occurs as 
minute trimetric, crystals, slightly soluble in hot water, 
alcohol and ether, possesses an extremely bitter taste and 
sublimes, without melting, at 134° C. according to Kunze, f 
at 170° C. according to Blyth,§ or 290° C. from the results of 
Schmidt and Pressler.|| Theobromine is slightly soluble in 

* Woakreacaisiky, Liebig' Ji AnnukHy xlv., 125. 

f Kunze, Zeit^tcA. anal. TAm.', 1894, xxxiii., 1. 

X Fischer, Ber., 1907, xv., 453. 

§ Blytk, “ Foods, their Composition and Analysis," 1909. 

(i Schmidt and Preesler, Liebig' ^ Annu/en, ccxvii., 287. 
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chloroform and ^varln amyl alcohol, but ]1ractically insoluble 
in benzol or petroleufn ether. 

Theobromine forms easily crystallisable ^ahs, the simple 
neutral salts bein^ decom))Osed by water ftit.o basic salts with 
loss of acid. An important salt of theobromine is that 
formed with silver nitrate, (juite insoluble in water, possessing 
a (‘oniposition, according to Strecker, C 7 H,AgN 02 . 

The alkaloid is precipitated by sodium ])hospho-tungstate 
and gold chloride, the former ])rodii(*.ing a yellow ])recipitat(s 
whilst the latter yields long needle-shaped crystals. 

Theobromiiie, like caffeine, is closely related to uric 
a(*id, and Fischer,* starting with mt‘thyl ))seudo-mic acid, 
suc(*eeded in syntli(‘sising the former alkaloid. 

Tht^ murexide reaction is obtained with both theobromine 
and caffVaiK^ on treat mgiit with (*hloriiK^ water; tlie amilic 
acid, so fornual, is ra])idly dri(‘d down on a watch glass, and a 
dioj) of ammonia added, wluai a violet coloration readily 
distinguishes theses alkaloids from otlier ])lant bases which do 
not belong to the xanthine grou]). 

• 

Fkotkid Matter (12 ])er cent, to IG ])er cent, of the raw, 
IG pta* (‘(‘lit. to 18 i)er cent, of the roasted husk), and 

lSiiTuo(iKN (2 per cent, to G ])er cent, of tlui raAV or roasted 
husk). 

The nature of the ])roteid imftter, present in the husk of 
cacao, has been but little investigated, though the large 
proportion which it contains makes the husk of high food- 
value, but oidy for cat tie feeding, etc., since the undesirable 
nature of the other constituents renders it unfit for human 
consumption. The nitrogen is, however, probably ])resent 
as globulin, insoluble in water but soluble in solutions of 
neutral salts. • 

The shells of beans, fresh from the pod, contain con 

♦ fjHcher, Berlin chem, Ber,^ 1897, 1839. 
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siderably larger pioportions of proteid matter and nitrogen 
than the corresi)onding bepis when cured. This is due to 
the decomposition of the albuminoids, such as globulin, by 
the' agency of the‘])roteolyti(- enzymes which take a part in 
the, fernwniniion process, already described, and to the loss 
of theobromine, which seems to take placa, also, during 
fermentation.* 

Miirck?r gives from 12*7 per cent, to 14*1 per cent, of 
albumen, and 4*4 per cent, to 7-*l per cent, of digestible 
albumen, found in the husks of cacao. 

Staucii, Cacao-red, etc. (40 ])er cent, to 55 per cent, of the 
raw or roasted husk). 

The remaining components of husk, constituting some 
50 per cent, of the whole, are of little interest or importance, 
and no tigures are obtainable which throw any light upon 
their actual composition. 

This is due to the fact that such analyses of cacao husk as 
have been made have been carried out with a view to deter- 
mining its food value— for cattle feeding, etc. A. Smetham f 
finds 46*01 per cent, of digestible carbohydrates and states 
that this figure includes all the non-nitrogenous bodies, 
present in the husk, with the exception of woody fibre and fa t. 
G. Paris and other investigators into the value of cacao husk, 
for purposes of cattle food, have made indefinite analyses of 
this portion of the husk components, but they little more 
than show it to be composed of carbohydrates. It is, 
however, mmecessary for our purpose to attempt to define 
it more closely, as the nature of cacao-red and starch hkely 
to be found in the husk,, and present in the kernel or nibs to a 
greater degre 0 |«?are discussed in the next chapter, where more 
detailed figures have been collected. 

♦ Profe«8or HAiriaon. in Hart^a “ Cacao,” 1900, 105. 
t A. Smeth&m, Jour, Hoyal Loum, Agric, 8oc,^ 1909. 
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• • 

Eevis and Burnett ♦ have reported that no true starch 
was found in the cacao shell estjmated by a modified Davis 
and Daish method with taka-diastase. The^shells were from 
Guayaquil, Trinidad and Grenada bean{f, whilst the starch 
found in the nibs of these cacaos amounted to 8*0 per cent., 
14*5 per cent., and 12*3 per cent., respectively, when estimated 
in the same manner (Winton, Silverman and Bailey f). 


* C. lie vis and H. R. Burnett, 7' he Analyst y 1015, xl., 429. 

■f Winton, Silverman and Bailoj*, Ann. Rep. Conn. Agru:. Expt. Stn.y 1902, 270. 



CHAPTEE XXVI 

SURVEY OF THE COMPONENT PARTS OF ROASTED 
CACAO BEANS— NIBS 

Nibs. 

(80 JKT 1o 1^2 ))er mit. of tlie whole bean.) 

The amount of nibs oblainable from a cacao depends u])on 
the vailety of b(uin and ii])on the care witli which the husking 
and the nibbing ])rocess has been })erformed. 

Informal ion willi regard to botli possible variations has 
b(Hai already given, and the amount of nibs, or cacao available 
for use in the manufacture of cocoa and (diocolate, has been 
shown to range from 80 j)er (*ent. to 92 per cent, of the whole 
bean. 

iTlie coni})osition of the kernel or nibs has been studied by 
many investigators, three of the more re(*ent and important 
analyses being shown in the following table : — 

Tabi.e LXV . — Composition of Nib or Kernel {roasted)* 





II. 

III. 

Moisture . 

. 1 3(M) 

5-86 

3-11 1 

I'^at 

. 1 o(MM» 

r>0 30 

54 37 

Starch . • . 


9 -97 

; 

Ash . 

3 07 

3 87 

3 41 

Cellulose 

— 

4 05 

, 

Pentosans 

— 

1-36 

1 

Fibre 

! 2-80 

1 

i 

Nitrogen . 

2-50 

— 

— 

Cold water extnxct 

11-60 


9-67 


1. N. P. ]f(*K>pi, Thf Amltffft, lOOa, xxxiv., 144. 

II. R. Adanv Intemat. Vong. hpp. Chrm.f 1900, viii., C., 203. 

III. JS. Bordas, Internal. Cong. App. Chem.y 1909, viii., C., 188. 


: ^ Fiill also Chapter XL. Tables XXL, XXII. and XXllL 
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• . • 

The analyses, shown, are divided bj- the same three 
authors into results ‘obtained |rom different varieties of 
beans, thus : — 


Table LXVL — Composition of Nibs or Kermis {roasted) from 
different Varieties of Caoao. 



Caracas. 

Trinidad. 

African. 

Orena<!a. 

UtmyuquU. 

Bahia. 


I. 

IT. Ill 


III. 

1. 

II. 

I. 

in. 

I. 

II. 

I. 

11, 

Molatum * . 


7 48j 3-27 


2-90 


5 71 


2-80 



8-62 

__ 

3 71 

Fat . 



49-24 1 52-50 

55 70 

5* .50 

50-20 

50 20 

50-80 

55-20 

— 

50-07 

44-40 

50-19 1 

i Starch 



9-85 1 — 


- - 


13-27 

— 

- 

— 

9-10 

- , 

1 

Ash 

3-24 

3-92 3-81 

2 73 

3*30 

2 62 

3-89 

2-00 

290 

3-16 

3-89 

2-68 

3-24 

Celluloae 

— 

4-24 1 — 




4 33 




3-70 


3-93 

PeiitosaniL . 
Fibre . ^ . 

z 

1-19; — 

2-48 

z 

z 

1-45 

2-94 



1 29 


1-77 

Nitrogen 
Cold- water 

— 

— i — 

2-32 


1-84 


2-20 

! 



1-98 


extract 

— 

— (10 87 

12-(M) 

9-87 

11-80 

“ - ' 

9-80 

9-15 1 11-40 


9-50 



More detailed analyses have been made, from time to 
time, and the three following are typical of the general results 
obtained : — 


Table LXVII. — Analysis of Roasted Cacao Nibs. 



I. 

II. 

III. 

Moisture . 

623 

• 6-3—8 5 

3-7--1 4 

Fat .... 

50-44 

46-«— 52 1 

453-^4 

Albuminoidn 

13 26 

11-6—21-1 

7 4— 13-0 

Gum 

2 17 

— . 

• — 

Oellulasc 

6-40 

3.3_-4j.6 

— 

Alkaloida . 

0-84 

0-3—0 5 

— 

Cacao-red . 

220 

— 

— 

Ash .... 

275 

2-»— 48 

2 4—3-9 

Astringent matters 

Cane sugar 

6-71 

J 7-2— 8-fl * 

j 26-3— 39 4 

Starch 

• 4 20 

8-7—12-6 



I. J. Bell, The Ohemistry of Fowb.” } »87. 7«. 

II. Zipperer, “ Unteniuch. tibcr Kakao, etc.,” 36, 67. 
III. Heineh. The A nalyeU 142. 






402 


COCOA AND CHOCOLATE 


The following lablt?, to be found in the records of the 
Society of Arts, 1874, contjdns the most important analyses 
made U]) to Iha^^ lime : — 

Table LXVIIL 




. 

11 

111 

IV 

V. 

VI. 

vir. 

VIII. 

I’at, 



ri2 00 

r.i 00 

.%() 00 

r»o 00 

4/. 00- 41) no 

42 67 

.50 00 

Allniiiiinold Hub- 










Hfaiicrs . 


70 , 




17 00 

l‘t 00 - IS 00 

— 

! — 

Ailiuitini . 

Hlirlii 


1 

- f 

20 00 


20 00 


- 

— 1 

j 18-tK) 

(Jluton 

- 



20 00 


— 

— 

12 21 * 

j — 

MiiKMr . , 


- 



- 


0 60 



Stnnh 

10 

01 

10 (H) ( 


7 001 


14-00 IS 00 

10 02 

! loot) 

(itiin 

7 

7r. 

- t 

*— 00 

(4 00 



6 40 

! 8 00 


0 

ot> 


— 

!■ 

22 00 

— 



('olliiUwr 



2 00 

- 

1 


6 OH 

5 05 

— 

VV(»(mIv fibre 





4 00/ 





('nlaurlii« iimtier. ' 

2' 

ttl 

Tiaees 


2 0(1 

— 

ao.v r. tM) 

!! 06 

2 00 

Water 


20 

10 (M) 

.'■> 00 

r. 00 

— 

:» 06- 6 :h) 

5 08 

6 (H) 

'rbeobroiiiliio 



2 00 

2 00 , 

2-00 

1 r.o 

i 02 - 1 r)0 

o-oo 

; l-oo 

Salta 


- 

4 00 

— 

4 tKI 




1 

Asti . 


__ 

— 

- 

— 

— 

:? 05 

2-00 

1 2 60 

I'artH uiiaeeoniited 









! 

lor. 

1 

4:j 

— 


— 


0 14 

” 

0 20 

Total 

100 

00 

j ](H) 00 

100 00 1 

100 00 

' 100 00 

lot) 00 

100 00 

100 00 


A large number of analyses of the different varieties of 
b(s'ins may be found on referring to the ])apers mentioned in 
the footnote, but those given in Table LXVl. may be taken 
as lv])ical of analyses of commercial value to show the 
sliglitly varying composition of several im])ortant cacaos. 

Moisture ((> per cent, to 8 per cent, of the raw, 

4 ])er cent, to 7*5 per cent, of the roasted kernel). 

The variations in water-content of the kernel are due to 
the same three causes prevailing to alter the percentage of 
moisture in tlie husk, already given, namely, degree of drying 
before shipment,, treatment during transit and storage, and 
temperature and degree of roasting. A large percentage of 
moisture is, oByiously, undesirable in the kernels, as it tends 
both to deteriorate the flavour of the bean by encouraging 
fvingoidal growth and to destroy the keeping pro]>erty of the 
coc6i«»r chocolate, prepared from the damp nibs. 
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Fat (45 per cent, to 53 per cent, of tlie raw or roasted kernel). 

The percent age of hit in the l^ernel is a variable quantity, 
depending slightly u})on the variety of beali and upon the 
degree of roasting. 

Harrison has pointed out that, if, during fermentation, 
germination of the seed is allowed to take place, the fat is one 
of the first constituents of the kernel to be attacked, after the 
sugars have been absorbed. This factor may, therefore, ])lay 
an important part in determining the amount, of fat, i>resent 
in any variety, as, in certain districts, germination fs allowed 
to take place before fermentation to a greater or less degree 
depending upon the juocedure of ferment at ion customary in 
any district. Davies and McLellan, however, state that the 
l)ercentage of fat, found, is independent of the locality in 
which the bean originated. 

The following collected tigures, obtained from one variety 
of beans, show some exceedingly contradictory results, but 
tend to prove that the processes of fermentation and roasting 
are somewhat overrated as to their importan(*,e on final yield 
of fat, when compared with individual results of other 
observers. 

* * Very Very 

Unfor- Mildly fer- Fully for- Highly for- high low 
men U'd men ted meiiled mented. roant. roaHt 

Fat per cent. 54-68 . 56-73 . 57-35 . 58-23 ! 54-0 . 52-7 

It is our experience that, in the case of ^ very high roast 
(above 150° C.), or after a prolonged roasting at a normal 
temperature, the percentage of fat will be lowered, whilst.the 
effect of roasting at a reasonable temperature will always 
raise the fat-content of tha nibs, results opposed to the figures 
given above.*** ^ * . 

The distribution of fat in vafious parts of the cacao pod 
and bean has been the subject of several researches, 
♦ Vide Chapter XL 
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Harrison has estimated the proportion of the different 
constituents of cacao in the kernels, cuticles and pulp, and 
external pod of /he fresh cacao fruit, and he has given the 
values for fat as 30-60 per cent., 0-42 per cent., and 0-14 per 
cenif., respectively, the proportion of moisture being 36-57 
per cent., 83*03 per cent., and 84*54 per cent., respectively. 

Bordas has found the percentage of fat in different parts 
of roasted cacao to vary as follows : — 

Per cent. 

Cacao nibs (eleven varieties) . . 50-20 — 56-14 

Cacao dust (from nibbing machine). 20-0 

Germ ..... 3-5 

Husk 2-0—11-0 

The general characteristics of cacao butter have been 
extensively discussed in the foregoing chaider, where, also, 
will be found all the important chemical and physical con- 
stants for the fat. 

Starch (4 per cent, to 12 per cent, of the raw or roasted 
kernel) and other Carbohydrates (8 per cent, to 
13 per cent, of the raw or roasted ker^nel). 

The starch, present in cacao, is similar in composition to 
that found in.other vegetable seeds. It is readily gelatinised 
by boiling water, is turned blue by iodine and is converted, by 
the action of dilute mineral acids and diastase, into glucose. 

The granules* of cacao starch are very minute, and the 
concentric rings, showing their composite structure, can only 
be detected with a high-power microscope. 

Bordas has made careful determinations of the quantity of 
starch to be found in different cacaos and has stated that the 
amount is practically constant for all commercial varieties. 
These results are as follow : — 


HaiTtooi}, in HmI's “ CSwao.” 1900, 90. 
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Table LXIX . — Starch in different Varieties of Cacao, 




• 

Starch cal* 



Starch In 1(H» 
parts uf cacao. 

culated for 100 
part# of cacao 
* insoluble In 




water. 

Sanrheize 



28-90 

Bahia 


. ; 9(M) 

27-09 

Haiti 


. 1 8-.W 

20-10 

St. Lucia 


9 29 

28-49 

Trinidad 


. ' 9 60 

29 77 

(jifcnada 


. ! t» 3r» 

28-00 

Maragnau 


. ' S-8H 

27 00 

Carupano 


. ' 9 93 

30 30 

Porto Plata . 


. I 10-00 

:io-r>o ,, 

( -arat’as 


. ' 9-93 

29 81 

CJuadelouiK; . 


. ' 8-06 

20 -(Kl 

Mean 


. 1 9-34 

28-50 


Mauroiibrecker and Tollens * have made a cloHCf ntudy of 
the carbohydrates occurring in cacao and have succeeded 
in detecting l.-arabinose, d. -galactose and glucose (from 
hydrolysis of the starch), but no xylose was found. The 
same authors estimated the amount of })entosans, already 
discussed in a preceding chapter, and found them to be 
present to the extent of 2-25 per cent, in the nibs or kernels, 
* and 9*02* per cent, to ^09 per cent, in the husks. These 
figures are in close agreement with those obtained by 
Dekker,’!' who found 2*17 per cent, to 2-41^ per cent, of 
pentosans in the kernel, and 8-i8 per cent, to 9*63 per cent, 
in the husks. 

Adan J obtained figures equivalent to 1*53 per cent, of 
pentosans for the nibs, and 9*96 per cent, for the dry husks. 

More recently, Revis and Burnett § have made some Very 
careful estimations of starch. From their* results, they have 

♦ A. D. Maurenbrocker and B. Tollens, Ben, 1906, xxxix., 3576, * 

t Dekker, Chem* Centr,, 1902, iL, 1218. • 

R. Adan, BvU. Soc. Chim. Belg,, 1907, xxi., 211, axidJntemal. Gong, App. Ohem., 
1909, viii, C, 203. 

I CL Bavu aod H. B. Barnett, Tht Analg 0 l, 1915, xl., 429. 
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stated : “ It is efident that cacao shell contains no true 
starch, and it is probable tlyit this is the first time that it has 
been demonstrated analytically.” In the nibs, the same 
expe^rimenters fouhd from 8 per cent, to 14*5 per cent, of 
staK^i, calculatcKl on the fat-fre^e cocoa. 


Nibs 

Accra, (low grade cacao) 
(luayaepiil . 

Trinidad 

(Ire^nada 

« 

San Thome . 


Percentage of starch 
in fat-free nibs. 

12-8 
8-0 
14*5 
12-3 
19.4 


Fibuk (2 per Ci‘n1 . to 5 ))er ctait. of the raw or roasted kernel). 

The amount of fibre, found in the nibs, is entirely depen- 
dent u])yn the care with which the husk or fibrous matter is 
separated from the inner kerntd. It has been ])ointed out by 
Tollens, Kdnig and otliers that the estimation of cellulose is 
not a true guide to the (luantiiy of fibre present, as the 
existf'iKH^ of ])entosans hinders the correct determination. 

' The fibrous wall of t he cacao bi^an is composed of i)en- 
tosans, embedded in many other matters, such as cacao-red, 
mineral matter, etc., and it is in the estipiation of the pen-, 
tosans that addition of husk to cocoa ])reparations is best 
detected. If properly freed from husk, the nibs should not 
contain moi^e than 4*5 per cent, of crude fibre, though 
Filsinger * obtained values ranging from 2-8 per cent, to 
5*4 per cent, for different varieties of beans, by estimating the 
crude fibre by a method described by Konig. Such a figure 
(or. crude fibre would approximately equal 2-5 per cent, of 
pentosans, constituting a little more than 50 per cent, of the 
total crude fibre found. 

Welmans obtained an average of 13*3 per cent, of husk 
jfjfOiJft and 12*4 per ceni from roasted nibs. His figures 

♦ Filsinger, Zeititch. iijfent. Chem., 1900, 223. 
t P. WolmAns, Zkitsch, vffent. Chem.t 1901, vii., 491, 
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are, obviously, too high for a well-husked kt^riiel, and it is to be 
assumed that tlie}^ (Comprise the ash, fat and other com- 
ponents of the husk, besides crude fibre. ^ 

Bordas, in his communication to ’Ihe International 
Congress of Applied Chemistry, 1!)09, lias shown the amount 
of cellulose present in various cacaos. He lias point(al out 
the value of cellulose estimation, on the ground that any 
addition of matter containing woody tibre, such as husks, 
cacao waste, germs, etc., will increase the ^iroportion of 
cellulose and diminish the starch-content of the keiiu'ls or of 
the cacao mass, ])re])ared from them. His results will be 
found in Chapter XII., Table XXVI. 

Ash (I? per cent, to 4 per cent, of the raw or roastxal kei’m^l). 

The percentage of ash in cacao beans has becai shown by 
the investigations of a number of observers to vary con- 
siderably. This is usually tiu^ cas(^ in the mineral matter 
obtained from foodstuffs of vigetable origin. 

Bensejnann * has made careful analyses of the ash, 
separated from different varietu^s of cacao, and his ligun^ij for 

Table LXX . — Analyses of Mineral Matter from Cacao Nibs, 


^ • ('tmu-As. j 'Prinldad. 



I. 

u 

1. 

11, 

PotasHium oxide {K.,0) 


32 50 ' 

.30-85 

32 28 

Sodium oxide (NajO) . 

0 77 

2 -.50 

1 96 

1-90 

Calcium oxide (CaO) . 

5 03 


4M 

1 3-5t 

Magnesium oxide (MgO) 

l.“. 15 

I3<M» . 

16 -on 

15-43 

Feme oxide (FcjO ,) . 

0 22 

1 

0-49 

j 0-74 

Aluminium oxide (Al^jO.O 

033 

0-49 

Silieie oxide (SiO.) 

Phosphoric anhydnde (J’jOj) 

0 21 

7-00 

0-17 

; 7-00 

29:10 

254i0 

28-62 

' 28^18 

Sulphuric anhydride (SO 3 ) . 

2 74 

310 

3-96 

j 3-80 

(Chlorine ((’ 1 ) . . . . i 

0 34 

0 20 * 

0-43 

1 0-40 

Carbonic anhydride (COj,) . • . 

8*44 

7 '98 

8 95 

1 5-53 

Water (HjO) .... 

" 

1-98 

• 

• 

2-78 

'• — 

! 


I H. BfnHcmann, Hep. aruilyi. (’hem., 1885, v., 178. 

II. Dr. Bordas, Internal. Cong. App. C’hem., 1909, viii. (’, 188 


B, Bensemann, Hep. analyt. Chcfn., 1885, v., 178. 
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the mineral matter from Caracas and Trinidad cacaos are 
shown above, compared against those obtained by Bordas, 
whose work hag already been quoted! 

Bordas’ figures'for silicic oxide include sand, and those for 
carbonic- anhydride are estimated by difference. 

It will b(^ seen that the most im])ortant component of 
cacao ash is potassium oxide (KgO), which amounts to about 
one-tljird of th(^ total mineral matter. The potassium is 
probably present in ihe original bean as salts of the plant 
acids and as carbonate. 

The lime, or calcium oxide, is ])resent as oxalate to the 
ext(^nt of 0*2 per cent, of ihe nib, other alkaline oxalates 
being found by (hrard * to amount to 0*15 per cent, of the 
roasted kernel or nib of Trinidad cacao. 

Th<^ amount of potassium salts, present, is of interest 
when the contentions that the addition of alkali, such as 
})()tassium Inalratii or carbonate, to cocoa or chocolate is 
injurious io health are considered. 

Lulirig and his co-workers f have estimated the alkalinity 
of the aqueous extract of cacao beans and, from the average 
of twenty-eight samples, obtained a value of 0*99 per cent, 
of alkali, as K 2 CX) 3 , on the fat-free cacao. One sample of 
cocoa powder yielded as much as 2*11 per cent, of alkali, 
soluble in water, calculated as K 2 CO 3 on dry cocoa powder, 
after 80 i)er cent, of fat had been extracted. The same 
author has pointed out that, if the amomit of alkali, calculated 
as potassium carbonate {K 2 CO 3 ), exceeds 3 per cent., the 
addition of alkali is certain. These figures are considerably 
in excess of those obtained by Booth J, already given. 

Arpin, in a paper already quoted, has given the alkalinity 
of some raw nibs as varying between 2*92 and 3*59 per cent., 
calculated as <^ 0 " fat-free cacao. 

* C. Girard, IntermaL Cong. App. Chem., 1909, viii. C, 179. 

t Luhrig, etc., ZeiUich Nahr. Genusmi,., 1906, ix., 267. 

^ N. P. Booth, The AnalgH, 1909, xxxiv., 143, 
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Proteid Matter (10 per cent, to 17 per teni, of the raw or 
roasted kernel), and Nitrogen (1-5 per cent, to 2*5 per 
cent, of the raw of roasted kernel). , 

Leffman and Beam * have recorded some results, obtained 
by Htutzer, on the* nitrogenous constituents of cacao. 

Stutzer t found that the nitrogenous components were of 
three types : — 

(1) Non-proteids, not precipitated by Cu(()H) 2 , such as 
theobromine, caffeine and amido compounds. 

(2) t)igestible albumen, insoluble in water in the.presence 
of Cu(OH) 2 , but soluble when treated with acid, gastric juice 
and alkaline pancreatic extract. 

(B) .Insoluble and indigestible nitrogenous matter. 

The analyses of the nitrogenous constituents are given as 


follows : — 



• 


1. 

II. 

HI. 


Per cent. 

Per cent. 

Per cent. 

Nii.rogen as soluble compounds 




(alkaloidal) 

31-43 , 

26-95 

. 29-79 

Nitrogen as digestible albumen 

33-34 , 

, 40-61 

. 22-62 

Nitrogen as indigestible matter 

33-33 , 

. 32-44 

. 47-1a3 


. The three nitijpgen -bearing constituents were present, 
according to this author, in approximately equal proportions. 
The results obtained by other observers do not agree with 
Stutzer ’s figures : thus. Bell gives albuminoids (proteid 
matter, or digestible and indigestible proteid) as 13-26 per 
cent., and alkaloids as 0-84 per cent, of the kernel. Zipperer 
has found 11-6 per cent, to 21-1 per cent, of albuminoids, and 
0-3 per cent, to 0-5 per cent, of alkaloids in the kernel. Xhe 
results obtained by Bell and Zipperer are^ out of date and 
cannot be relied upon. • 

The percentages and quality of the total nitrogdh-con- 
taining comx)ohents of cacao are \>t little commercial import- 

♦ leffman and Beam, “ Food Analysis, 1901, 276 — 282. 

I Btutzer, ZeUach. Chem^, ii., 207. 
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ance, however, and Stutzer’s figures are also obviously open 
to critieisni, owing to the 1/i.rge error which occurs on multi- 
plying the smajl quantity of nitrogen, actually found for each 
type, to read as ])hrcentage of total nitrogen. 

/The amount of nitrogen multiplied by G-25 gives, a])proxi- 
mately, the total albuminoid matter found in cacao. 

Theobkomine (0*9 per cent, to 8 })er cent, of the raw or 
roiisted kernel) and Caffeine (0*05 per cent, to 0-30 per 
c<ait,. of the raw or roa,sted kernel). 

The general clKunical and ])liysical characteristics of the 
alkaloids, ])resent in cacao, have been given in a })revious 
cha})ter. 

The aanount of these alkaloids, found in the nibs, varies 
wry consid(a‘ably, both with the varii^ty of the bean and with 
the care of the observer, (ireat differences are to be found 
bidwenai the alkaloid (sthnation of e^arly and recent investi- 
gators ; thus Zi])])erer finds 0-3 i)er cent, to 0*5 })er cent, of 


Table LXXl . — Theobromine in different variefie>s of Cacm. 



I i 

H. 

111. 

IV. 

V. 

(’ara<'aH 

1 4.3 

1 (53 

0 .50* 

M3 

L38 

(fuayatjuil 

0 9-1 -2 

1 (13 

0 30 

0 86 

— 

Domingo . 

1 98 

1 m 

- — 

— 

— 

Bahia 

204 

1-64 

. — 

1-08 

, — 

Buerto Cabcilo . 

1 02 

1-41) 

0-52 

— 

— 

Maracaibo 

1 84 

- 

— 

1-03 

-- 

(Vylon 

2 06 

— 

— 

— 

..... 

.lava 

2 34 

— 

— 

MO i 

— 

Trinidad . 

1-98 

— 

0 42 

0-85 

144 

Bara . . ' . 

1-08 

— 

— 

— 

1 28 

(Jrc’nada . 

1 90 

— 

— . 

0-75 

1 60 

Surinam . 

1-83 


0-54 

0-93 

— 

(."ameroon 

1-83 

1 

— . 

— 

— 

San Thome 

2-09 


— 

— 

— 

Haiti 

2-t»7 


— 

— 

— 


" I. ^ Eminjter, Apoth. Zdt., 1800, 710. 

II. Wolfram, Ztifjtrh. n>{nl. Chtm., xviii., 340. 

III. Zipix'rtT, “ Untersueh. iibor Kakao, etc./' 1886, 56. 
IV'. Ridenour, Amer. Journ, Pharm,^ 1895, Ixvii., 202. 

V. V. L. Maupy, Jonm. Pharm. Chim., 1897 [6], v., 329. 



411 


COMPONENTS OF CACAO NIBS^WCAO-PEl) * 

• •• 

total alkaloids in the roasted nibs of caVao, and Eininger 
1*0 per cent, to 2-3 per cent, of theybroinine and 0-05 per cent, 
to 0-36 per cent, of caffeine. ^ 

Kreutz * has pointed out a possible explanation ot‘ these 
discrei)ancies and has stated that theobromine exists in 4 he 
bean partly as the free alkaloid and partly in the form of a 
glucoside Avhich can only be se})araled afica* treatment with 
an acid. The same author has found from l-T) ])er cent, to 
2*4 ])er cent, of free, and from 1*G p(‘r C(ai1. to 2*8 jier cent, 
of combiiKKl alkaloids in the kerru'ls of cacao. 

Table LXXl. shows the results obtaiiual by several other 
observei’s. 


Cacao -RED (2 per (aait. to 5 ]>er cent, of the raw or 
roasted kiTiiel). 

The colouring matter of cacao is produced during the 
oxidation of the beans. 

When fresh, the Criollo variety of bean is while, orntatrly 
so, the Calabacillo variety being, often, of a d(H^]) ])iir]>lish 
lint, whilst the Forastero cacao, occu])ying the intennediiite 
position, shows only a faintly coloured kernel. 

Harrison has shown that there is a loss of cacao*red in all 
three varieties during fermentation, a total loss of 0*27 ])er 
cent, occurring in a mixture of Calabacillo and Forastero 
beans. 

The formation of cacao-red *is of peculiar im])ort,ance to 
the manufacturer, who looks to this agency for the bright 
chocolate-colour of his goods. The variety of t)ean, selected, 
and careful roasting are the most important factors^ in 
obtaining a satisfactory colour for cocoa or chocolate. 
Schweitzer f has made sopfie investigations into the formation 
of cacao-red in the bean and has comj)ared it -to the 
production of colouring mattoF in the oak, kola nut and 

♦ A. Kreut«* Zeitsck. Nakr. Genusam.t 1908, xvi., 579. 
f C. Schweitaer, Phtmn. 1898, 389. 
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quinine, tracing It to the decomposition of a glucoside, 
“ cacaonin,” during fer^ientation,' when theobromine, 
caffeine and gl^ucose are also produced. 

Hilger,* also,* has closely followed the production of 
cacao-red, during the fermentation of the bean, and has 
concluded that the colouring matter, isolated in the ordinary 
way, is a mixture of iion-nitrogeiious cacao-red and some 
glucoside. 

True ('a(^ao-red can be isolated by treating the roasted 
beans first with petroleum etlua‘, to remove the fat and part 
of the frci^ theobromine, then with water, to extract the 
remainder of the theobromine, caffeine, sugars and salts, 
and, finally, with alcohol, to extract the cacao-red. A 
substance, having a formula Ci7Hi2(OH)j|o, i^ obtained in this 
way, closely akin io tannin which it resembles in yielding 
formic acid, acetic acid and pyrocatechin, on treaianent with 
potassium or sodium hydrate. 

Blyth t states that the fat -free cacao is only partially 
deprived of its cacao-red by solvents, unless a mineral acid has 
beten previously added. After the addition of a few cubic 
centimetres of hydrochloric acid, the red colouring matter is 
dissolved, with ease, by amyl or ethyl alcohol. Cacao-red, so. 
produced, is insoluble in ether or petroleum ether, but slightly 
soluble in carbon bisulphide. It is a sensitive reagent to 
acid and alkali, mineral acids causing a red coloration with 
violet shimmer, alkalis usually striking a dirty green. The 
aqueous solution of cacao-red, of this form, is bitter and 
astringent and forms precipitates with salts of iron, copper 
aiifl silver. 

A more recent contribution to our knowledge of cacao-red 
has been given by ReutterJ who, first of all, extracted fat-free 
cacao •with h«t, dilute methyl alcohol. From the violet-red 

• HUger. Apo^. Zeit.t 1892, 469; also Deutsch. Viert. SffenQJfesund.p 1893, 3. 

t A. W. Blyth, ** Foods, their Composition and Analysis,’' 1909, 363~~37d. 

t L. Reutter, CompL BefidL, 1913, clvi., 1842—1844. 
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alcohol solution, he obtained white microscopic crystals of a 
new substance, named* by him ‘\eacaorine (CifiHgoOeNg), 
which had a melting p'oint 184 — 185° C. TJJiis compound 
is, evidently, similar to Schweitzer’s “ cadaonin,” since an 
aqueous solution, after hydrolysis, yielded theobromine mid 
a small quantity of a brownish red precipitate. By concen- 
trating, in vdcuo, the mother liquor from which the “ cacao - 
rine ” had been Obtained, Reutter isolated, as violet-red 
spangles, a colouring matter which he called “ cacao-red ” 
(C4aH6o027N). “ Cacao-red,” as prepared, was sojiuble in 

alcohol and water, and its aqueous solution was coloured 
brownish yellow by dilute alkalis, bright red by dilute atdds, 
blood red by picric acid, green by copper acetate, and 
violet ty ammoniacal zinc acetate. After hydrolysis, a 
brownish precipitate, “ cacao-brown (C 76 H 78 O 34 N), was 
formed, and the aqueous solutions became slightly dextro- 
rotatory. 

For further particulars of cacao-red, the reader is referred 
to Chapter VI., where a more detailed account of the develop- 
ment of colour in cacao, during fermentation, has be<^n 
discussed. 

Oeoanio Acids. 

Tartaric Acid (free), about 0*15 per cent. . 

_ • , 01 me raw 

Acetic Acid (free), about 0*25 per cent. kernel. 

Oxalic Acid (total), about 0-35 per cent. . 

Harrison, who has made a complete study of the 
changes occurring in cacao during fermentation, has 
found that tartaric acid* is present in larger proportions 
in the fermented and cured beans than in those simply 
dried. The fTame remarks apply to the quantity of free 
acetic acid present, though, in this case, the dried beans 
were found to contain none, or only negligible quantities. 
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whereas the ferniftited and cured beans contained as much 
as 0-7 per cent. , 

The aiuoun| of free tartaric acid, 'contained by the fresh 
beans (0*25 ])er ceht.), diminished to 0*2 per cent, during the 
]>r(ic.ess of fermentation and to 0-12 ])er cent, during simple 
drying. 

The free acetic acid, whicli was nil in tlH‘ fresh beans, 
increased to O-Btl ])er c(mi 1.., during fermentation and curing, 
and was again nil aft<a’ ilie fresh beans had been simply 
dried. ‘ 

The (piantities of tlu‘S(^ two axids in the free state were 
found by the sana^ author to vary slightly with the three 
varieties of cacao, Criollo, Forasttu’o and Calabacillo. The 
differences ar(‘, however, small and of no commercial 
importance. 

The aceti(‘. acid (^an be detected in beans that, have been 
fermented by the vinegary smell which, dining tlie ])rocess of 
roasting, it is so desirable to remove. 

The presern^e of oxalic acid in the vegetable kingdom has 
bdtui recognised since the commencement of the nineteenth 
century- Fourcroy and Vampielin * have stated that this 
acid is to be found in almost every ])lan|. The method by. 
which their a])proximate results were obtained was by means 
of the micri^scope. It was as recently as 1900 that the first 
reliable method for the estimation of oxalic acid in cacao was 
published, the outcome of continuous research on the parts 
of Neubauer,t Schultzen,J Salkowski,§ Albahary 1| and others. 
The method was based on the fact that 100 grammes of ether 
di^isolve 1*27 grammes of oxalic acid, and that the solubility 
of the acid could be increased by the addition of alcohol. 

Fourcroy and VauqucJin, Jour. Ixviii., 429. 
t Neubaucr, 'Aeit^h. anal. Chrm., 1868, ii., 499, and vii/, 225. 

J Schuitsm, “ Reichert und Dubois Reymond’s Arch.,” 1868, 718, 

I E. Salkowaki, Zeit^h. phyn. Chtm., x., 120. 

Ii .1, M. Albahary, Compl. exjcxvi., 1681, etc. 
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Gautier gives tigiires, found by Esba(‘h,Tor the oxalic acid 
content of several vegetable food^slutfs, thus : — 


% 

P(‘r 

Cocoa powder 

•. *0-45 

Chocolate . 

. 0-09 

Black tea* . 

. ()-3H 

Infusion of tea . 

. 0*21 

Coffee 

. O-Ol 

Rhubarb . 

. 0-25 


Girard has recently made some very careful esiimaiions 
of the amount of oxalic acid ])resent in cac^ao Ixnins. The 
following table shows liis . results, obt ained from Trinidad 
cacao 


Table LXXII .^ — Oxalic Acid pra^cnf in Trinidad , Cacao. 




Kuw j 


Haw 

Jtoastcd 

Uaw 

RoiiHtcd 


; bcailrt 

bcUtlH 

nIbH. j 

nlbn 

husk. 

huMk 

, K»*riii. 

('alciuin oxalate 

. 0105 

0 101 

! 0 221 1 

U 210 

0 121 

110 

0-240 

j Oxalic acid iliio 

to 


1 i 





; calcium oxalate 

. 0 1117 

0 io:i 

j 0 155 ' 

0 152 

0108 

0 084 

O-lfjO 

i Oxalic acid dii<' 

to . 


1 1 

1 1 




1 alkalirx' (»xalate 

0 172 

oi:m 

0 lOO I 

0158 

, 0-085 

01 80 

0-150 

1 Total oxalic twnl 

oaoo 

0 207 

0 :U5 

0 :no 

1 0 283 

0 273 

■ 0 310 

Water 

. ■ :t 70 

5 44 

a 50 1 

4 04 

0 04 

J 1 52 

3-50 

Total oxalic acid 

]»er • 
drv 

* 





1 

ICO parts of 


1 


1 



ca<ao 

on2i 

o:u4 

o-a2ti j 

0 325 

0 301 

0 301 

0-321 


From an examination of the oxalates, found, the same 
author concludes that : — 

(1) Trinidad cacao cont ains oxalic acid in the sanu^ degree 

as sorrel, spinach and rhubarb. , 

(2) Oxalic acid is to be found in approximately the same 
proportion in the beans, nibs, husk and germ. 

(3) Roasting has little or no effect on the oxalih acid- 

content of the products. • 

(4) A considerable proportion of the oxalic acid exists in 
the state of alkaline oxalates. 
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Essential Oil. 

Eeference has already Jbeeri made to the work of Bain- 
bridge and Dayies on the development of essential oil, during 
the fermentation of ca(*<aos. These workers took 2,000 kilos 
of c-aeao nibs which they steam -distilled. From the distillate, 
24 CCS. of a purified oil were obtained, which consisted of a 
mixture of esters with the true essential oil. The true oil 
was found to consist chiefly of d.-linalool. Octoic acid and 
other fatty acids, probably derived from the decomposition 
of the cacao butter, were also isolated, as well as a small 
proportion of a stable nitrogenous compound which was not 
identified. 



CHAPTER XXVII 


COCOA POWDERS AND (nUM^OLATES, AND THEIR 
COMPONENT PARTS 

• 

The conipont'iit ])arts of cocoa ]>owd(‘rs sliould b(' the 
same as those of ilie nibs, already dealt witli in last 
chapter. During the ])rej)aration of cocoa po\vd(‘r, ho\v(n^(^r, 
a certain (piantity of fat is extracted, usually about dO p<‘r 
cent, of tlie total fat })resent, and, consecpienlly, tla^ other 
components are found in the powders in c()rres])ohdingly 
larger pro})ortions. 

Again, the cocoas may havt^ been treated with alkalis, 
which, if carbonate or hydrate of sodium and ])ot assium, will 
cause an increase in tlu^ amount and in the alkalinity of tjjie 
ash, found. 

f Chocolate ])owders, on the other hand, usually consist of 
cocoa j>owder or cac'ao mass mixed with sugar, and, frequently 
also, with starch of })otato, sago, arrowroot-, etc. 

Plain chocolates, as distinguished from hincy goods 
consisting of fruit jelly, nougaf, almonds, sugar fondant 
and other centres covered with a thin coating of chocolate, 
should consist of cacao mass, sugar, and added cacao butter 
only. 

Milk chocolates should contain the solids of fresh full- 
cream milk, besides those ^ingredients which go to make up 
plain eating-chocolates. 

Nut chocolates, coffee chocolates, etc., should consist of 
plain chocolate with the addition of the ingredients which 
give the name to the speciality. 
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Cocoa 'Powders, 

In Chapter XIV, will be found analyses of many varieties 
of commercial cocoa powders. It is 'unnecessary, therefore, 
to reproduce them here, though it is desirable that some 
average analyses should be given for easy reference. 

In the following table, figures for four* typical varieties of 
cocoas are shown : (1) ordinary cocoa ])owder from expressed 
cacao nibs ; (2) cocoa powder ireated with alkali ; (3) cocoa 
powder treated w'ith ammonia j (4) adulterated cocoa 
powder (given by Booth) ; (5) “ Cocoa teas ” (selected from 
Baker and Hulton’s results, and approximated). 

Where it has bee^n found possible, one author’s results 
have been su])])leinented with those obtained by another 
observer, who gives closely agreeing figures for the main 
components. 


Table hXXllL— Analyses of Cocoa Powders, 


! 

1 

1 

I. 

IT. 

ITT. 

IV. 

! 

V. 

Moisture .... 

4 33 

4 53 

6-56 

2-40 

10-00 

i 1 Total ash .... 

4-28 

819 

5-18 

2-75 

9-00 

j Alkalinity as KjO 

ItX) 

3-68 

— 

— 

4-00 

Kat . , , . . 

3(»9r) 

2978 

27-34 

0-86 

8 00 

Kxt fact ive soluble in water . 

18 50 

1745 

— 

— 

20-00 

Theobnnume 

1 3t) 

0-69 

L48 

— 

— 

1 Starch .... 

16 07 

21-26 

— 

— 

— 

Albumen .... 

12 78 

17 03 

10-50 

— 

14-00 

Fibn* .... 

3 89 

4-38 

4-00 

10-90 

15-00 

Foreign stari'li^ . 

iViV. 

Ml. 

Ml. 

30-00 

— 

( ’Imraeter of starch . 

— 

— - 

— 

Sago. 

— 

Sugar .... 

Mt. 

Nil. 

Ml 

38-00 



Moisture (2*25 per cent, to 5*0 per cent, of cocoa 
. powder). 

A good cocoa powder should never contain more than 
6 per. cent, o^moisture, as an amount exceeding this limit 
tends to “ bait ” the pov^der and to render it liable to 
the attack of mildew, which would seriously injure the 
flavour. 
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Ash (3 per cent, to 5 per cent.* of cocoa powder, 5 per c^nt. 
to 11 per cent, of “ soluble ” cocoa powder). 

In Chapter XIV.: Table XXXVIII., .will be found 
analyses of the ash, obtained by incinerating some cocoa 
powders of commerce, carried out by Girard. •* 

Bensemann and Bordas have also made careful analyses 
of the ash, obtained from differ€mt varieties of cacao beans. 

The following table shows the collected results of the , 
different authors : — 


Table LXXIV . — Analyses of Ash of Cacao Mass and 
Cocoa Powders * 


• 

I. 

IT. 

III. 

Potassium oxide (K, 0 ) 

32*26 

29*53 

22*97 

Sodium oxide (Na,()) 

21 7 

2 44 

• 22*32 

Calcium oxide (CaO) . . . i 

3 96 

3 39 

1*25 

Magnesium oxide (MgO) 

16*14 

10*67 

10 33 

Ferric oxide (FejOg) . 

6*30 

0*49 

0*83 

Aluminium oxide (Al^Oa) . 

0*33 

0 08 

0*15 

Silica (SiO,) ..... 

0*19 

1*67 

0*77 

Phosphoric* anhydride (P, 05 ) 

- Sulphuric anhydride (SO 3 ) . 

31*69 

32 41 

24 13 

3*07 1 

2*58 

1*84 

Chlorine (Cl) 

0*29 

0*61 

0*96l 

Carbonic anhydride (CO,) . 

6*80 

10*35 

14*07 

Water (H,0) 

1 

1*94 

J 

Nil. 

Nil. 


1. Aflh from cacao inatiH, by H. Bensemann, Rep. analyt. Chem.^ 1886, v., 178. 
II. Ash from Menier cocoa jiowder, by C. Girard, Initmai. Cong. App. Chcrn., 


1909, viii. C, 186. 

III. Ash from Van Houten’s cocoa powder, by C. Girard, ibid. * 

From these figures, it will be seen that the most important 
differences arise in the values of sodium oxide and carbonic 
anhydride in Samples I. and III. In the latter case, it is 
certain that sodium hydrate or carbonate was used for 
rendering the cacao “ soluble,” the ash, in’ either case, being 
capable of estimation as sodium oxide and carbonic- anhy- 
dride, due to the absorption of the latter frfim the air by the 
alkaline hydrate. 

* Fufe also Oiapter XU., TaUe XXVll. 


27— a 
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BordaH,"* elsewhere, has pointed out that the quantity of 
added alkali, ))resent. in imported cocoas, should be regulated, 
Belgium, Italy and Switzerland already prohibiting the sale 
of cocoa powders evmtaining more than 3 per cent, of added 
alkaline carbonate. Reference has already been made to the 
regulations existing in France in Chaptei^ XIV. 

The same author points out that, natural cacao mass 
contains from 2*40 ])er cent, to 3-05 per cent, of alkali, 
calculated as potassium oxide on the fat-free substance, 
whilst samples of “soluble” cocoa, examined, havon shown 
from 4*82* \M^r cent., to 6*41 per cent . of added alkali, calculated 
on the same basis. 

Stut.zer I has estimat ed the soluble constituents of many 
samples of cocoa and has stated that there is nothing to be 
gained by the addition of alkaline carbonates. With this 
opinion we do not agree.:}: 

Mattlies,§ in conjunction with Rohdlich, has formed the 
opinion that, the estimation of silica (Si()) 2 , previously 
suggested by the former author, is no indi(*ation of the 
aujaunt of husk added to a cocoa i)owd(‘r, as they found, in 
twenty sanijdes of cocoa examined, hgnres ranging from 
0*02 ])er cent, to 0*88 per cent, of silica. Kxcej)t in extreme 
cases of adulteration with husk, Ibis is^ true, Bensemann 
finding from 1 -2 ])er c(ait . to 8*0 j)er cent, of silica in the husk 
and 0*2 })er cent, in the nibs, whilst Bordas has given from 
0*5 |)er cent, to 7*3 per cent, of silica and sand in the nibs 
and 19*10 per cent, in the husk. 

The discussions raging round tlui ash content and its 

alkalinity have been considered elsewhere, but it is desired 

« • 

to refer the reader again to the results obtained by Arpin.|| 

F. Borda^ .-Ian. di-tt FaUif., 1910, lii., 61. 
t A. Siutzer, angcic. Chem., 1892, 510. 

} Vide ChapU-rs XIII.. XXifl. and XXIV. 

$ Matthee and Kohdtich, ZeitAch. hffent. Chem., 1908, xiv., 166. 

II Arpin, .4ntt. diA January, February, 1917, xcix., c. 
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Starting with nibs of difTerent cacaos,* this oxporiinonter 
examined cocoa powders, liusk iyul germ with regard 1o the 
alkalinity of their ash, in order to ascerti^in whether the 
French decree of 1910 could be upheld. * 

The following^ analyses were obtained from unrotiRsited 
shelled nibs : — 


• 

— 







'J'rlnWa«I. 

Mada- 

HiiHcar. 

CarU' 

|inno 

lixirra. 

Chitau. 

IMiarto 

i'aljclio. 

MoiKtu^e, poi cfHl. 


0 :n 

7 2:1 

7 21 

7 27 

7 01 

Fat, jM'r cotii. 

47 (»(» 

4H 40 

42 70 

4;t SO 

4:1 SO 

4() IM) 

Ash, ])(T cont. 

Alkalinity (as K/'O^ per 
(•('lit. of <lrv (lofattod 

- i 

1 

:m(; I 

j 

2 00 

2 01) 

:ir)3 

31(i 

' cocoa) 

:i 10 ; 

:i 

2 02 

:mo 

:ir>o 1 

i 1 

2 00 


The unroasted liusk of soni(‘ of tlu^se beans sliowed the 
following analysis 


1 


1 

Arcra 

Moisture, jH'i* coni. 

12-2S 

Ash, per <*ont . . . j 

0 70 

Alkalinity (as K.^CO., on the i 


i raw husk) . . . ! 

T) 24 

Alkalinity (as KgCOj, on the 1 


1 dried husk) 

5 in 


\ 

Jltihia j 

CarupHiio 1 

Cliiiao. 1 

i 

Miida- 
Raacar. ' 

1 24 

0 .72 

K <10 1 

1 1 iKi 

0 00 

7 - 4:1 1 

11 <10 

r>|2 ' 

4 2:1 

4-00 

4.70 

4- 7 

4-S7 j 

1 

.7-18 ! 

4 00 j 

.7 04 


Roasted germ of Trinidad cacao showed, on analysis : — 
Moistun?, j>er cent. . . . 4*44 

Fat „ „ • • • ,4-44 

Ash „ „ G-25 

Alkalinity of ash, as K 2 C ()3 ))er cent, of dry 

and defatted germ . , . . 4*13 • 


Three cocoa powders, purchased in tlfie open market by 
the French “ Service for the Sux>l)ression of Frauds” were 
analysed and* were found to fall outside tHe limit of alkali- 
nity for cocoa powders “ guaranteed pure,’* a term to be 
applied only to those powders the jiercentage alkalinity of 
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the 65 samples of i)uich cocoas, examined, 49 contained less 
tlian 20 per cent., 3 less thap 25 per cent., and 13 samples over 
25 ])er c(^nt. oj fat ; all the Swiss s'am])les contained over 
25 ])er (H^nt. of faf. 

Extractive Soluble in Water (13*5 per cent, to 
18-5 j)er ct^nt. of cocoa powder). 

Tli(^ cold-watei* extract of the nib or kernel of cacao 
ranj^es from 9*5 ])er cent, to 12*5 ])er ciait., whilst the figure 
for fat-fr(M‘. cacao amounts to ap])roxiniafely 24 jK^r cent. 
Florence* Yaj)le,* however, gives considerably lower figures, 
which we ar<‘ unable to reconeik*. wif h those found by more 
r<H*enf observers. 

The soluble extractive, wliich will include sugars,' gums, 
s()lubl<‘ starch, soluble mima-al matter, etc., is a useful 
indication to the ])ossible adulteration of a powder with 
sugar and alkali, the addition of either tending to increase the 
figure for soluble extractive. 

The alkalinity of the extractive, soluble in water, will be a 
gijfide to the extent, of addition of alkali. 

The estimation of soluble extractive is of greatest import- 
ance in tin* analysis of chocolah^ or chocolate powders, as- 
well as in cocoa. 

Theobromine (0*70 per cent, to 2*70 per cent, of 
cocoa ])owder). 

The cpuiniity of theobromine, found in a cocoa ])Owder, 
will de\)end largely ipuni the degree of roasting to which the 
bepns have been subjected {vide Chapters XI. and XXV,). 
Clayton t found from 0*83 per cent, to 2*69 })er cent, of 
theobromine and from 0*02 per cent, to 0*66 per cent, of 
caffeine in coffimercial cocoa powders. Girard gives from 
1*04 per cent, to 2*24 per cent, of theobromine. 

• Florence Yaple, CKem. Zeit., 1895, xvi., 579. 
f E G. Clayton, Chetn. 1902, Ixxxvi. [2227], 51. 
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The estimation of theobromine in cctcoa powders is of 
some importance, as the exhnara(inf5 and stimulating 
properties of cocoa art* largely due to this^ alkaloid. 'Ihe 
work of Prochnow * has shown a higher percentage of 
xanthine bases in roasted than in unroasted cacao, th«s — 
unroasted kernels*l-460 to 1-812 per cent. ; roasted kernels, 
1-536 to 1-880 per cent. ; roasted husks, 0-578 to 1-380 per cent, f 

Starch (2-0 per cent, to 11-0 per cent, of cocoa ])owd(*r). 

Th» quantity of nat ural starch, found in cacnio, is very 
variable. Its est imation, therefore, is of lit tie value eit her as 
a check upon the amount of cacao ))resent or u})on the addi- 
tion of foreign starcluw, unless the lalt.cu are )ires<“nt in Lirga 
propoPtions and have been previously detected under the 
microscoi>e. 

Many obs{*rvations of starch-<;onten(. of cocoa i)owderH 
have been made, but they are of littk- or no importance t o the 
technical chemist or manufacturer. 

The addition of foreign starches can readily be detisct.ed 
under the microscope, wIkui t he form of the granule*-^ of 
starches, likely to be used commercially as adulterants, (axn 
, be recognised, ^ 

Fibre (2-5 per cent, to G-5 j»er cent, of cocoa ])owder). 

It has previously been pointed out that the.estimat ion of 
fibre is an indication to the extent of adult(*ration with, or 

inclusion of, cacao husk. ^ 

The inclusion of ca<-.ao husk, whether intentional or 
through carelessness, is a matter of great importance, as 
many convictions have followed the sale of cocoa powder 
consisting in part, or in t^ie main, of cacao busk. Some sucli 
cases have already been referred to, and others, again, are 
considered in'ChapteV XXX. • 

• A. Prochnow, Arch, Pharm., 1909, ccxivn., 698. 

+ Vide alHO Chapter XI., p- 140. 
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Probably the most complete investigation into the detec- 
tion of added husk has been made by Adan,* who not only 
has estimated » the cellulose- and pentosan-(*ontent of 
different varieties of cacao beans, but has carried out 
ana'jyses of the cocoa powders, pre])ared,.from them. The 
direct connection between the estimation of pentosans and 
the amount of husk, })resent in aii}^ cacao', has been given in 
Chapter XXV., and in Table LXXV. will be found Adan’s 
results for the nibs and husk of various cacaos. 

o 

Table LXXV. — Cellulose- ami Fentosan-Coiitent of 
Cacao Nibs of hionm Origin. 


Arriba 

j I’ort au Crince 
I San Thnnn^ 
j (^araraH 
Bahia • 

S<to(mUN({) 

-J.- 

Average 

Hehner and Skortchley t have estimated the pentosan- 
and crude fibre-content of several cocoa powders and cocoa 
shell powders'. The following results, obtained by these two 
authors, are of interest : — 

Table LXXVL — Pentosan and Crude Fibre in Cocoa 
Powders and Cocoa Shell Powders. 



Pentosan. 

Crude fibre. 

Van Houten’H eoeoa 

1 2k)0 

6-00 

eocoa 

1 82 

715 

C<K?oa nidi powder, 1. 

8-98 . 

— ; 

Ooena shell powiler, ll.' . 

j 8-03 

j 1195 


* R. AdMi, InfemaL Cwtg, App. 1909. riii. C, 201. 
t Hehnor Mid The Analpei, 1899, zxiv., 17a 






Pentosans. 

Moisture. 

Pet. 

Ash. 

{’pllnlose. 

Initial 

Bubstanoti. 

Powder 
with 30 per 
c-ont. of fat. 

1 :i() 

53 78 

3 21 

2 67 

1-73 

3-26 

0 8:i 

55 (JO 

3-56 

3-14 

1 -58 

3 73 

0 7tt 

51 23 

i 3 34 

3-01 

1 -55 

3-46 

0 71 

51-72 

' 3 47 

2-89 

1-54 

3 28 

omi 

54-77 

i 3 29 

3(M) 

1-71 

343 

l-Ol 

55-98 

! 3 13 

2-91 

1 -57 

3 23 

0-88 

53 86 

i 

j 3-33 

2-95 

1-61 

3-40 
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Albumen (10 per cent, to 17 per cent, of cocoa powder). 

The total nitrogen, found in coaoa powders, amounts, as a 
rule, to 3 per cent., or to an equivalent of, approximately, 
19 per cent, of proteid matter, if all the nitrogen present is 
attributed to this component. 

In reality, Dekker * has shown that about 90 i)er cent, of 
the total nitrogen Is due to proteid matter, the remaining 
10 per cent, resulting from theobromine. 

Oxalic Acid (0‘4 per cent, to 0’65 per cent, of^cocoa 
powd(!r). 

Girard, in his paper, frequently referred to, delivered at 
the Seventh International Congress of Applied Chemistry , 
has shown that the oxalic acid is largely present in cacao as 
alkaline oxalates, and his figures, which are the most jeliable 
up to date, tend to show that the oxalic acid is not destroyed 
during roasting, or removed during expression of fat. 

Sucrose, Cacao-red. etc. 

The remaining components of cocoa powders are of litlle 
importance to the technical chemist.. Sucrose is found only 
*In minute quantities, and only traces of reducing matters 
have been notified by the most reliable observers. This 
is of interest when chocolate and chocolate .powders, to 
which cane-sugar has been added during preparation, are 
examined. 

Tlie colour of cocoa depends upon the cacao-red present, 
but the quantities, found in cocoa powders, are strictly com- 
parable with the results given in Chapter XXVI. for the nibs, 
after allowance has been made for the removal of some 30 per 
cent, of the fat. The presence of cacao-red in nibs has 
provided a recent metjiod for the^ detection of added husk to 
cocoa powders.t 

• 8. DeUnr. Chem . Centr .. 1902, it, 1217. 

t Firfr Ouptar XXXll. 
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Plain Ch6colate and Chocolate Powders. 

The only differences that will be observed, on analysis, 
between chocojfite, or chocolate powders, and cocoa powders 
are : — 

*(1) A lar^e proportion of sugar, ai\d some additional 
cacao barter, in cliocolate. 

(2) The presence of sugar and, probably, foreign starches, 
in chocolate jmwders. 

Th(^ nanaining comjxuients of cacao will be found in 
correspojidingly decreased i)roportions. 

Fat (22 i)er cent. 1o 28 per cent, of hard chocolate ; 28 ))er 
vmi. to 88 ])er c<ait. of “ chocolat fondant ” ; , 18 per 
cent, to 2() p(‘r cent, of chocolate powders). 

Th(^ amount of fat in hard, ])lain chocolates seldom 
exc(HHls 28 ]K*r cent. It has ))reviously been pointed out 
that the fatty chocolates (“ chocolats fondants”) are 
much in vogue, at the present time, and consist of ordinary 
cijlcao mass with sugar and a larger tpiantity of cacao butter 
than is to be found in the hard varieties. ” Chocolats 
fondants ” are, moreover, refined to a greater degree than-, 
the older-fashioned hard chocolates. 

The chemist should ascertain the nature of the fat 
extracted frOm the sample of chocolate, as there are many 
cacao butter substitutes on the market.* 

In Chapter ^VIIL, Table XLL, will be found analyses 
by Booth of some adulterated chocolates. The same 
author gives the following mean analysis (of twenty-four 
samples) of pure, plain chocolates : — 

Fat, 27*4 per cent.; sugar, 68*4 per cent.; nitrogen, 
0*98 per cenif; ^mineral matter, 1*82 per cent. ; cold-water 
extract, 56*8 per cent. 


Vide a»pt«r XXIX. 



COMPONENTS OF CHOCOLATE, ETC. —SUGAR 


429 


SuGAK (45 per cent, to 55 per cent, of •plain cliocolates ; 

50 per cent, to 6(J per cent, qi chocolate })Owders). 

The amount of sugar, added, is, of cjaupse, optional to 
the manufacturer, though a (piantily above 50 j)er cent, is 
difficult to work economically, as the chocolate is nauhaed 
less mobile and less easily moulded. A furlher addition 
of cacao butter, wliich is a costly ingredient, would liave 
to be made, if the chocolate were not sufficiently tiuid. 

Sugar is (or was, and again will be) the claaipening agent, 
added in making chocolate, and it is, therefore, to tlw^ advaii- 
tage of the manufacturer to work in as much as possibb^ 

In Switzerland, a limit of 80 ]>er cent, to 85 ])er ctait. of 
fat and sugar together, the amount of sugar varying from 
40 per cent, to 70 })er cent, of the total chocolate, has bia*n 
adopted as a standard. 

Booth’s recommendation that a k‘gal standard for choco- 
late be ado])t<Hl in l^aigland meets with our (*ntirt^ a])])roval, 
though his suggest(‘d limit for sugar, namely, 05 ])er cent., 
seems to us too liigh. 

Chocolate powders, used for drinking )>mj)oses, may 
contain larger quantities of sugar than })lain eating-choco- 
^lates, as the pre])aint ion is usually in agranular or powdery 
form. Booth suggests a limit of 75 ])er cent, of sugar for 
chocolate ])owders. This figure we also consider to be too 
high, seeing that starch is nearly ahvays added, as well, in 
the preparation of chocolate })owders for drinking pur})OHes. 

Starch. 

The addition of starch to chocolate is not often met 

> 

with, except in the cheapest prej)arations. As there is no 
legal standard for “ chocojate.” and its preparations, in this 
country, there is nothing to prevent the use of starch, 
though chocolates, prepared witb it, can readily be detected 
on the tongue and are far from palatable. Starch may, 
however, be occasionally found in covering-chocolates. 



430 


COCOA and chocolate 


At the present time, a mixture of cocoa with sugar and. 
starch cannot be sold as pure “ cocoa,” but only as choco- 
late powder,” with a definite declaT’ation that the article, 
sold, is a mixture of cocoa and other ingredients. 

^There are several highly nutritious cocoa preparations 
on the market, such as Ei)ps’s cocoa, prepared with selected 
arrowroot, sugar and cocoa. There is no objection to such 
preparations as these, providi^d that the public is fully 
aware what it is ])urchasing. 

Cold-water Extract. 

The cold-water (extract, obtained from chocolate or 
chocolate powder, dei)ends, almost entirely, upon the amount 
of sugar present. 

This value is remarkably constant in the case of cacao 

nibs (approximately 24 per cent, of fat-free cacao), and a 

higher figure indicates the probable addition of sugar. 

The actual percentage of sugar may be estimated by polari- 

metric methods, the cold-water extract of pure cacao having 

a negligible power of rotating polarised light. 

< 

Milk Chocolates. 

In Cha})ter XX., will be fomid full analyses of milk 
chocolates by several chemists. 

The average composition of milk chocolate is as follows 


Table LXXVII . — Composition of Milk Chocolates. 



Booth. 

Laxa. 


Englbh. 

ContlnenUl. 

I. 

. 

II. 

Total fat . . . 

3L80 

30-8t> 

3147 

32 33 

Milk fat . . . 

5-50 

8-10 

4-97 

593 

Cacao butter 

26-30 

22-70 

26-50 

26-40 

Milkabgar . 

8(H 

826 

7-32 

8-70 

Cane or beet augar r 

43 20 

42-60 . 

27-51 

35 93 

Foreign starch 

NU. 

Ml. 

At/. 

ML 

Cacao shell . 

Ml. 

NU. 

NU. 

\ NU. 

Nitrogen 

MS 

1-24 

— 

I — - 



COMPOmyTS OF MILK *CHOCOLATE-^FAT • 431 

Laxa gives to€al proteid (I?) 9*66 pei^ cent. ; (II.) 8'13 
per cent. The figures for inilk fat and cacao butter are 
obtained by calculation {rride Chdpter XX.). 

Pat (total : 30 per cent, to 35 per cent, of milk chocolaie). 

•. * .... • . 

It will be seen that the fat is capable of division into milk 

fat and cacao butter, the total fat being somewhat in excess 
of that from ordinary jilain, hard eating-chocolates, and 
about equal to that obtained by extracting “ chocolats 
fondants.” 

The chemical and physical constants of the fat, extracted 
from milk chocolate, will, of course, vary according to the 
ratio of milk fat to cacao fat. 

Mif?K Sugar (7-5 per cent, to 8-5 per cent, of good 
milk chocolate). 

It must be understood that the value for milk sugar 
will vary in the same way as the milk fat- and nitrogen- 
content of the chocolate, according to the amount of milk, 
or milk solids, added. 

The cojijier-reducing power of plain chocolate is srn^ll, 
as the sugar, added in the ordinary way, will be cane- or 
t beet-sugar, whicli^ if piire, will have no reducing power, 
whilst that of cacao nibs does not amount to more than 
5 parts per 100 of dry and fat-free cacao. 

Milk sugar, on the other hand, has a strong copper- 
reducing power, and its presence can be inferred by the 
action of the cold-water extract upon a copper solution. 

Nitrogen and Albuminoids. 

The percentage of nitrogen and of albuminoids, ' or 
proteid matter, will be greatly increased by the addition 
of milk solids to chocolate, the former increasing from 0-9 
per cent, to 1-3 per cent, and the latter from about 5-5 per 
cent, to about 8-5 per cent, in chocolate^ containing a good 
proportion of milk solids. 
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The estiinalioTf of nitrogen is, therefore, a useful added 
factor in deiermining the amount of "inilk solids present in 
a milk chocolate. The ))ossibili1y of adding proteids from 
pea-nuts and soyi^has already been mentioned (p. 297). 

Milk Powders. 

Some remarks on milk powders are, not out of place 
In^re, as the rapid ])rogress, made in the desiccation of milk, 
calls for llii* a11<*ntion of the chemist and bacteriologist 
that would move with llu* limes. The publications of the 
Local GoVernmeni. Boaid (Food Ke])orts, No. 24, 1918, I., 
II. and III.) are extrena^ly interesting, and this brief notice 
should he sup]dement<‘d by these r('])orts, by those furtla^r 
interested in the subject. 

The methods of drying milk are confined to the “ drum ” 
and “ spray ” ]»rocess(‘s, of which there an; numberless 
modifications. The most im])ortant of these are the pro- 
cesses of Gampladl (1901), Fkenberg (1902 and 1908), 
Benenot and De N(‘ven (1904), Just-Hatmaker (1908 and 
190()), Kunick (1900 and 1907), Tiufood ” (Merrell-Soule, 
parent 1900), “ Glaxo,” and Mignot-riumey (1911). 

The ])roduct of the ” drum ” process is a coarser material ,, 
than that obtained with the ” spray,”' though rancidity 
(if a full-cream milk has been ])repared) occurs in both on 
exj)()sure to the air, but faster in ])owders from the latter 
than in those from the fornW ))rocess. It has been stated 
that both sugar and cacao butter tend to prevent rancidity 
of the butter fat, so that rancidity does not develop very 
rapjdly in milk chocolates in which both these ingredients 
are present. 

Sir James Bobbie’s report, on |he purity of commercial 
milk pow’ders p interesting and states that all the samples, 
examined,, contanied i)roteCds and lahtose proportionately 
to those found in fresh milk. Some of the samples were 
stated to have been prepared with added lactose, so that 
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the proportion, aided, cannot have been very high. Cane 
sugar was found in 5r out of 26 sain])les of full-cream milk 
powders, but only in »uch smairamounts as 0-3 to 2-9 per 
cent. In skimmed or separated milk powiers, 16 out of 
57 cases contained added cane sugar, in amounts from, 0-2 
to 3-8 per cent.' Bicarbonate of soda was occasionally 
found, in one case 7 grains to a pint of llie original milk, 
but this had been added ♦■ither to neutralise the original 
acidity of the milk or to remhu- the powder more soluble 
jn watw. Added lime and phosidiates were found in some 
sam])les. Boric acid was found in t wo samples, and sali- 
cylic acid in live. No added starch was delected, but 
traces of co|)i)er, oc<uisionally, and, in one case, a minute 

trace df tin. , , 

Dr. Coutts’ conclusions on the “ Bactiaiology ol Dried 

Milk ” are imiiortant : — . , • 

‘‘ (1) It is clear that tlut inocesses usial m drying milk 
largely reduce the numbm' of bacteria present, but do not 
give an absolutelv sterile product. (2) It is also clear tliat 
a considerable ]noportion of the bacteria found m dried 
milk, as it occurs in commerce, have been re-introduced in 
,the concluding stages of the jirocesses, freciuently during 
the powdering anS packing of the dry product. (3) With 
the object, therefore, of obtaining a product as free as 
possible from bacteria, it is important that siwcial precau- 
tions should be taken to avoid r5-contamination of the milk, 
and to this end the most scruimlous cleanliness should be 
observed in the factories in which dried milk is made. 
(4) Further, it is desirable that the milk should be drawn 
from the cow wdth duo precautions to avoid access of dirt, 
and ttiat it should be dri^d soon as possible after mlWng 
to avoid the multiplication of germs in the liquid mii. 


IS 
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CHAPTER XXVIII ^ 

MICROSCOPICAL EXAMINATION OF (^ACAO, COCOA 
AND CHOCOJ.ATE 

Cacao Beans. 

Thkocgh ilK‘ couiiosy of Mr. A. S. Bi ycU^ri, of Barbadoes, 

author has boon onabli*(l to oxainino soods of cacao, 
fresh from tlu^ pod. The sani])les of cacao ])()d, which were 
undoubtedly of Forastero origin, arrived in an air-tight tin 
in remaVkably good condition. Tlie contents of the pig- 
ment-cells, which contained a certain amount of violet 
colouring matter on arrival, had ])robably undergone an 
oxidation process during transit, as the beans, on 
cutting, showed a deeper violet coloration than would 
ht(ve been expected if cut perfectly fresh. 

Tliin sections of the bean were examined in drops of. 
vegetable oil, as a distinct cloudiness was 'noticed on placing 
the sections in water, due probably to the fat which the 
beans contained. 

Starting fiom the outside covering of the beans which 
were covered with a thick white slime of simple elongated 
cellular stiucture, the first and outer section of the shell of 
the bean was reached. The first epidermal layer consisted 
of a moderately thi(h skin containing polygonal cells, and, 
lying directly beneath this, wtjre noticed the “ exceedingly 
delicate transM^^rsely elongated cells,” previously described 
by Ewell, Tlie ‘remainder mf the sheil consisted of closely 
compact bundles of spiral fibres and a series of tissues, 
bearing thick- walled cells, which swmed to contain a large 
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proportion of waW. Within the shell was an exceedingly 
fine and transparent •film or membrane, covering the whole 
of the kernel and falling into the spa(‘es between the pieces, 
or nibs, of which the kernel is constructed. 

Upon this transparent film, which is made up of a smgle 
layer of simple cflls of irregular shajw, the “ Mitscherlich 



Photo, W. I\ Padditon, 


BrighUm. 


Fro. 30. — Mithf herlioh " Bodiew between the Lobee of the Kernel. X 300 diam. 

(See I*. 435.) 



bodies grow (Figs, BO and 81). Thesti bodies are “ chrysalis - 
shaped ” and were supposed by Hassall to be of fungoidal 
origin. 

Hassall describes the thin membrane and the appear- 
ance of the Mitscherlich ” bodies in the^following words : 
“ Situated in the interspaces of the lobes is a fourth structure, 
attached externally to the second membrane, the cells 
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forming wliich i>a^s down uj)on it toi’ a snort distance ; 
dltliough cl(uir and 1raiisi)arent it exhibits a fibrous structure, 
and on its surface a considerai^le number of small crystals 
are always to be k‘en as well as many <dongated bodies, 
roufk'iiHl at their extremity and divided ^^ito several com- 



«• 


Photo, II'. P. I‘addim», Itnrfhlon. 

Fi«. 3l.- -“Mit.scherlkh " liodiw, cnlai^ed. X 1,000 diam. (See p. 435.) • 


partinents or cells, and which do not apjiear to be attached 
to the membrane on which they lie. From their curious 
appearance and tile absence of. connection with any of the 
other structures of the cocoa seed the observ^er is led to 
ausjwct that thef are extraneous and probably fungoidal 
growths. We have detected them in every sample of cocoa 
seed submitted to examination/’ 
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• •• 

Had Hassall these bodies in fresh cacao beans, he 
would have observ(^3 tliat they art‘ attaidied to the tliih 
membrane by an ex^renu^ly small joint. ^ It is probabU^ 
that, during roasting and further treafmeni, the joint is 
broken, but that the bodies* adhere to the thin membrane, 
as in all cases exainin(‘d, after roasting, the bodies wert^ 
found to be l^dn^ flat upon the membrane. The “ Mit- 
scherlich ” bodies are now considered to be (epidermal hairs, 



I’htdv, IF. /’. J'adtiiMon, /'riithton 

Fi(. U2.“ ('acao HunIc, Hun<lU‘H of S|»iralM. 1 ,(KH) diain. (S<*(c p 4H8,) 

and, though they are said to occur in (‘very i>aTt of tla^ Sf^al, 
their origin is undoubtedly from the intc^rlobe membrane. 

• In the fresh bean, the section of the cotyledon or kernel 
appears as closf^ly packed ])olygonal cells, filled with starch, 
fat and albuminoid matters, whilst, here and there, •the 
strongly violet-coloured pigment-cells show up prominently. 
The colour rapidly fad<js*or dissipates, and it has been found 
impossible to preserve a specimen showing; the pigment-cells 
with the colouring matte in .sifu, • 

In the raw commercial and roasted kernel, the only real 
difference appears to be the change in the colouring matter. 
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which permeates e^ery cell, from violet to brown. The spiral 
Bundles, previously referrec^ to as appearing in the shell, are 
also to be fouiuj in the kernel and afe thrown into greater 
prominence by tfie processes of fermenting, curing and 
roasting, due to their being rendered opaque by loss of water 
(Figs. 82 and 83). 

The starch granules, occurring in cacao, 'are very small and 



PKolo, »r. P. raddinoH, Brighton. 

Fiu. 33. — CViNhed (’*oao Nibs. X 1,000 diam. (See p. 438.) 


are, not likely to be confounded with any other variety which 
might be used for adulterating cacao preparations. They 
are estimated by !^well to range fram 0*003 nnn. to 0*10 mm. 

In ^reparingfinicroscopic slides of cacap and its prepara- 
tions, glycerine jelly will be fbund to be an exc^lent medium, 
if the fat is not previously removed, and the cloudiness, 
already mentioned as appearing on placing the fat-containing 
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body in water, has not been noticed. • Crystals of theo- 
bronme may often be seen by' using this mediuni, though 
none were observed in^sections taken from tjie fresh bean. 

When using Canada balsam as a mediifm, the benzol, that 
it contains, dissolves the fat^ which, on slow setting of# the 
medium, crystallises out as fine, long needles. The benzol 
does not seemingly aiYect the theobromine crystals. It will 
be found desirable to de-fat the cacao and cot^oa ])re})arations 
before making ])erniaiient slides in Canada balsam. 

Mit^icherlich has recommended the addition of j>etroleum 
ether as the means of differentiation between crystals of 
cacao fat and tln^obromine. There can, liowever, be no real 
confusion on ihis point, as the fat crystals are almost always 
the lo*nger and more slender, and their a}>pearance is not 
often observ(Hl, exce[)t on the thin, transparent membrane, 
unless solvents are used to induce crystallisation 

The value of microscopical examination of cacao and cocoa 
preparations lies largiily in tin* detection of adulteration, and 
the close study of th<^ structure of Die bean, though of great 
interest, is of little or no importance to the analytical 
chemist. 

Cocoa Preparations. 

Pure cocoa powder should ai>pear under the microscope 
to contain no other ingredients than that of the cacao kernel. 

That is to say, pure cocoa powder will show* cacao starch, 
the polygonal cells of the cacao kernel, traces of the trans- 
parent membrane covering the lobes of the kernel, and, 
possibly, the “ Mitscherlich ” bodies, already described, with 
a certain quantity of isolated spirals. Pure cocoa powder 
should not show foreign starch, the characteristics of which 
are too well known to tbe microscopist to need description, 
the sharp angular jcrystals of sugar, bundles of spirals,* typical 
of those appe&ring in* the husk, founded transparent crystals 
of sand, or any of the cellular tissues' characteristic of the 
husk ot cacao. 
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Foreign stan-li*, sugar, and cacao husk constitute the 
princijial adultiirants of cocoa jiowdets, and (heir presence 
can readily be ^telected inider (he microscope (Fig. 34), the 
quantities being cTeterniined by chemical means. 

ffhe iiroportions of added materials can only be approxi- 
mated by means of the microscope. 

'I’o (dio(-olate ])Owders and <‘a( ing-checolates the same 
remaiks apjily, though, in the former case, the addition of 



I'hiHv, ll Whymfur, Ditton HiU 

F'lo. 34.- — CkK’oa, adult oral (*«l with Arrownnit Starrh. KH) ihani. (Sw p. 440 ) 

starch ami su^rar is not prohibited, and, in the latter, 
sugar, only , should ]>erniissible. Karthy matters can also 
be detected undeV the microscope ; it is, however, improbable 
thijt such adulterants as red ochre, Venetian red, etc., 
mentioned by Hassall, will be encountered at the present day. 

Further than Ibis, the purity of the added starch, sugar, 
or ot.ht^r ingredients can often be determined by examination 
under th^ microscojie, aiKl the fat', extracted from the 
preparation, can be examined independently, if crystallised 
from etlier, many of the fats, with which cocoa, and its 
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preparations are likely to be adulteraic^l, having charac- 
teristic crystalline prdperties. 

For further infonnalion regarding the niicrusco])ic 
structure of cacao, the valuable work of*M(H*Ier and Mact% 
“ Les substances aliment aires etudiees au microscope,#^ is 
recommended. 

There are veiT4*ew ( hocolates, ap])(mring on the Fjnglish 
and Continental marked s, that are not examined microsco- 
])ically in the author’s laboratory. The following observa- 
tions, ?^lected from many ma(h‘ in FJH, may b(* of interest 
here 

Hfddbufff. — Show4‘d a remarkably tine and even apj>ear- 
an(H‘ under lie* miciOM*()})4‘. 

TlTe larg<‘r ])ailicU‘s of sugar did not (*xceed mm. Tlie 
majority being , mm. or below. Possibly ))r(*|)!ir(‘d horn a. 
syi‘U|H‘d sugar. 

Tia^ largest })articles of cacao w<um* seldom ovtu’ d,, nun. 

This chocolat<‘ was of a poor llavour, hndving chara(d.(*r. 

Marquis.- A very coarse and unev<ai chocolate. 

The crystals of sugar w<‘re angular, rough and irreguhir, 
and wen* often mm. Tin* longest cjystal was mm'. 

The (^a(^ao wa-!; usually tin* siz(^ of th<^ larg<^st grains, he., 

• - * * 

varying from d;, — mm. 

This chocolati^ poss<*ss(?d a, hn<‘, full Havoui’ and did not 
appear to have b(‘(‘n closidy refined. 

Kohler . — Both the sugar and cacao ])articles were vfiry 
small. 

The sugar grains were never gnuiteV than d„ mm., 
most ly less than j n^Ain. 

Tile cacao grains, also, were very small, being usually 
equal to, or slightly greater than, lum* 

Flavour similar to “ Velma/’ 

Cie. Coloniole. — The sugar ^and cacao were, both very 
coarse and very irregular. 

The, largest sugar grains equalled were 



442 


COCOA AND CHOCOLATE 


usually about mm., though the dimensions varied 
considerably. 

The largest^ eacao grains were aS large as nim., but 
most of the cacao Hid not exceed mm. and varied greatly. 

ffhis chocolate tasted of highly roasted cacao and was of 
a Vi^ry tine full flavour. 

Mci/is’.— Generally very regular, sug^w not angular but 
small. The largest sugar juirticles were mm. 

Th(^ cacao grains showed a maximum of J,, mm. and were 
generallyjargiu’ than the sugar grains. Fine flavoui^. 

Handow. -A tine, even chocolate under the microscope. 

The sugar seldom excwded, and was usually about, 

mm. 

Possibly pre})ared from syruped sugar. 

Tlu' cacao was about the same size as the sugar. 

The chocolate tasted insipid. 

Liad/. -The microscopic structure of this chocolate was 
somewhat irregular. 

The largest sugar grains varied from 2^% mm. to mm., 
but wt^re usually smaller. The grains were seldom 
angular. 

The cacao was fairly fine, but many .pieces were larger *. 
than the largest, sugar grains by three or four times. 

The sample was characteristic of the Lindt product, but 
was not of such full flavour as previous samples. 

Suchard Naps , — The sugar was not very angular, but 
appeared smooth at the edges. The largest grains were 
r’h mm. to 5^0 mfn. 

,The cacao grains were generally coarse and were equal in 
size to, or occasionally greater than, the largest sugar 
particles. 

Of fine flavtfur. 

Golf. — An exceptionally Smooth and even Chocolate. 

The sugar was composed of minute rounded particles, 
which did not exceed nim. , 
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The largest cacao grains measured mm., but were 
usually from mm.* to inm.^ 

This chocolate had h slight “ Lindt flav|)ur.' 

Velma Spexdal. — An irregular chocblate under the 
microscope. • * 

The sugar grains were irregular and angular, measuring 
at greatest mm.* 

The largest and usual size of cacao grains was 
very occasionally, |V> nim. 

The •particles of both sugar and cacao wi^re generally 
smoother and finer than those of Suchard Na[)s. 

Of a j)Oor flavour, which had not been improved by 
moulding in thin, flat tablets. 

Ca(J.bury\H Id. bar. - Both cacao and sugar grains were 
large and uneven. 

Tile sugar grains were angular and, occasionally , nieasured 
as much as ^^0 itini. Usually, the sugar grains measured 
between mm. and 

Tlie <*acao grains were large lind uneven and measured, 
usually, 1*0 uim. to mm., and, occasionally, r»b i 

Fry's Id. bar. — Abnormally large and uneven both In 
/sugar and cacao grains. 

The sugar was* angular and often measured as much as 
1,2 mm., and seldom was smaller than 1*,, 

The cacao grains were generally smaller than the sugar, 
but still large in size. 

• 

In carrying out researcfies on sugar, the* degree to which 
chocolate is reduced by one, two or more refinings on s^eel 
and granite rollers, the effects of ‘‘ conchin^,'’ etc., a vast 
number of observations have been made under the micro- 
scope, and very many photo-micrographs have been* taken 
by the presenf writer! Only fotlr of these series iire shown 
here, two illustrating the difference in appearance between 
ground pr3'’8tal sugar* (Fig. 85 ) and so-called “ amorphous ** 
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*# * . 1 

HUgar, or transforttied sugar (Fig. 36), one of a mixture of 

cacao mass, cacao butler and su^ar, run down^ in a 



I'hiAo, H /* Ilnt/hJoD. 

Fi(i Iir» (Jroiiml (’rvHtal Supir. > 70 tliuin. (Srr]>. 4l3.) 



Photo, H’. P. Paddiwti, Pn^htom. 

Fig. 30.*^ Transformed S^igar. x 70 diam. '(See p. 444.) 


f' 

“ inelangeiir ” (Fig. 37), and one after this mixing has been 
refined once on a steel refinei (Fig. 38). 
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It will observod, brst of all, that <‘r\^lal sugar, ground 
on mills or in a disilitegrator, is composed of very line 
particles of sbarp-poin>ed }>ieces which, on^each reiining, 
will break down into yet oilier shar]>"])i)iiitVd fragments of a 
hard nature. It is these angular fragments that are felUas 
grit between the te*eth, and it requires a number of relinings 
on steel rollers to reduce them to impalpable dimensions. 
The “ ainoridious ” sugar particles, on the other hand, are 



J'holo, H', /*. rmhhwn, linyhlon. 

Fi<i. 37.— (‘h<K (ilatc Mhhs, niatle witlj Traiinformcd Sugar, lakt-n from the Mixer. 

/s 70 diarn. (Se«‘ p. 444.) 

miuii larger, individually, and the word amorphous is clearly 
a misnomer, as the particles are markedly (crystalline ; it is 
for this reason we jirefer the word iransfortned. Thej^e 
transformed crystals are, however, of a very friable nature, 
being formed rapidly in the |iresence of a tirystal inhi biter, 
and will break down, readily , even under pressure bet ween the 
thumb-nails, into inlinttesimally mnall partJfdes. ^ 

This may be seen in Fig. 37, which shows a mixture con- 
taining this same sugar (illustrated in Fig. 36), cacao mass 
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and cacao butter, nun for only iwemy imnuies in a “ melan- 
geur,’' during which the sugar has already been broken down 
into much smaller, irregularly 8ha])ed, but not sharp-pointed, 
particles. The cacao mass is even harder than the sugar, 
and the particles of the former.are generally larger than those 
of the sugar. 

One rehiiing on tla^ steel retiiiers reduces the cacao mass 
and the transformed sugar to an even size, of such small 



Vhvto, W. /*. PiuidiiwH, HnghUm. 

Fi«. 38. — CluK'oIate Mass, as seen in Fig. 37, ont'e Refined on Steel Refiners. 

X 70 diam. P- 

dimensions that no grittindss can be felt between the teeth. 
One other refining is often necessary because, even oiii the 
best refiners, the rollers wear sonjewhat in use, and a certain 
amount of unground chocolate is apt to fidid its way through 
the worn parts of the cylinders. The result of one refining 
can be clearly seen in the last photograph (Fig. 38), which 
showff the sadie chocolate, illustrated in Pig. 87, after once 
passing t\irougl/a 5-roll steel refiner. 

“ Amorphous “ or shapeless sugar (that is, not apparently 
of definite crystalline formation) can be prepared by tfie 
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addition of a small quantity of lactose to*the cane sugar in 
the process of transformation, outlined in Chapter XVI., and 
photo-miorographs of sugar, ])repared in this way, are most 
instructive. Milk chocolate, manufactured *by condensing 
milk with cane sugar, subseciuently added to the cacao mans, 
owes much of its sfrioothness to this causes and, though milk 
chocolate may liaye to be rtdined more than t>n(w, it is 
seldom due to the sugar particles, if the milk and sugar have 
been condensed down togethiu'. 



CHAPTEE XXIX 

B. 

METHODS OF ANALYSIS: FAT — DETERMINATION OF 

IHIYSIOAli AND OHEMIOAL (CONSTANTS OF (^AOAO BUTTER 

AND ITS SUBSTITUTES 

The analysis of cacao beans consists, esstMitially, in deteT- 
niiniiiL^ tlic aniounl of fal, moisiuns asli, libr(‘, nilro^^cn and 
])i'oteid inaltcr I bat the nibs contain, llu* aniounl of husk 
obiaiiKHl from (lu‘ beans, and, if a,n assay of Inisk is r(u[uired, 
tb(‘ amounts of fat, moisture, asli, nitrogen and proteid 
matter that tb(‘ shell contains. 

.An analysis of cocoa pouder will reiiuire estimation of 
fal, moisture, ash, alkalinity of ash, fibre, nitrogi^n and 
jirotiad matt<‘r, cold-water extract and pentosans. 

A jireliminary micros(*opical (‘xamiiiation will reveal 
husk, if much is )>resent, and added starch and sugar, when, 
should (‘ither be }ir(‘sent, a further estimation of these sub- 
stances will be recpiired. 

A chocolate powder may recpiire to bd analysed for both 
added startE and sugar, besides the other comi>onents 
given under cocoa ])Owders. 

The analysis of a jilaiiPeating-chocolate will necesvsitate 
determination of fat. (cacao butter), moisture, ash, alkali^iity 
of ash, nitrogen and proteid matter, cold water extract, 
pentosans and sugar. 

Fancy chocolates may require further determinations, 
such as lactose dV milk sugar, milk fat and casein in milk 
chocolates, vegetable oils in nut chocolates, etc. 

All cljocolaths may c<vntain added staich and cacao 
butter substitutes, so that determination of the nature and 
quantity of both adulterants may be required. 
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Besides tliese estimations, those of thedbromine, caffeine, 
cacao-red, etc., will bd necessary, if a close analysis is to bo 
made/ 

The methods of analysis of the essenthil components of 
cacao and all cocoa pre))arati(4ns will be described first. • 

In most cases, hiore than one method will be given, that 
lirst described being recommended. 

Reference must be made at the outS(‘t to the geiuaalisa- 
tioas of Bordas.’*' This writer has stated that the various 
kinds of pure cacao ]>astes, used in the manufacture of 
chocolate, are sensibly the same, even though tla^ cacao beans 
are derived from different sources. He tlaai has ]>roceeded 
to formulate his ideas on the com])osition of <-acao and 
cocoa products in the following mamua' : — 

(1) Per(*<*ntage of non-fatty matt(‘r insol ubl(‘ in water 
X Hi-K) - percent agi‘ of dry, fat -tree cacao. 

(2) IWceiitage of non-fatty matter insoluble in water 
X 2*135 — percentage of dry, entire cacao. 

(d) The (piantityof butter, nmioved per 100 ])arts of the 

. , , V . V BK) (2-95J ™ .4) 

pure cacao, is found by the lormula A - 0*957 * * 


/where 1 ~ percentage of water-insoluble, non-fatty matter 
in tlie sample under investigation : A ^ 100, less the })er- 
centage of moisture in the samjile. 

(4) Cacao Contains 2*13 to 8*8 per cent, of ash, the chief 
constituent of which is potash. 

Ordinary cacao contains, on the average, 2*54 ])art8 
of potash (K2O) 100 parts of dry, fat-fr^e cacao : those 

samples treated with alkalis, from 4*82 to (>*41 parts jjer 
100 parts of dry, fat-free cactao. 

(6) Cacao butter shopld .have a sap?>nification value 
187 — 193, an iodine value 33 — 89, an oleo-refract(Tmeter 
deviation 18 — -19, an(f a Zeiss butyro-refractomejer devia- 
tion 40 — 45. 


F. £(^rda«, Proc. Seventh Intemat, Cong, App. Chem.* 1909, viii. C, 187. 
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(7) Using inv^rtase for hydrolysis, 0’65 per cent, of 
sucrose has been found in a mixture of pure cacao pastes, 
the use of acid for hydrolysis giving falsely high figures of 
3 — 4 per cent, foj* sucrose, owing to the decomposition of 
gliKOsides, starch and innlin. 

(8) Starch up to 28*5 part.s per 100 parts of insoluble, 
fai,-free matter were found by hydrolysing the material 
with acid or malt extract, after the fat and sugar had been 
removed, and after a treatment with 50 per cent, alcohol. 

(9) By treating the residue on the filter after tlK> starch 
estimation, first, with warm 0*1 per cent, solution of sodium 
hydroxide, then with water and alcohol, drying and weighing, 
the cellulose residue amounts to 1B*B to 16*6 paiis per 100 
part.s of insoluble, fat-free matter. 

It is clear that this method of expressing results can 
only be a generalisation and that more detailed informa- 
tion is required for a complete analysis. 

Fat. 

• The separation of cacao butter from cacao and cocoa 
preparations has been the subject of considerable research. 

The net result, obtained, is that the quickest and most 
complete solvent is petroleum ether, which removes the 
cacao fat without any theobromine. Other solvents of 
cacao butter, such as carbon bisulphide, ether and chloro- 
form, remove a portion of the alkaloid also. Low fat 
results are invariably obtained if the cacao or cocoa prepiira- 
tion is not reduced to an extremely fine powder, to which 
end the sample may be ground with previously extracted, 
dry, quartz sand, or the precautions, recommended by 
Welraans,* may be employed* In this method, he suggests 
that, in the^cases of chocolate and cacao mass and other 
fatty preparations, the sample be rubbed down in a mortar 
at 50® C,, until the coarser particles are no longer visible. 

* P. Zeittck, SJfwt Chem.t vi., 304. 
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The fluid mass is* allowed to ’solidify in tin moulds and 
cooled ; when cold, the mass is rubbed on a grater, and the 
whole* operation repeated. By this method, a fine, homo- 
geneous sample is obtained. 

Method 1. 

Five grammes to 10 grammes of the finely divided 
sample are placed* in a fat-free filter cone and extracted 
with petroleum ether in a Soxhlet extractor. After the 
ether has passed over from 12 to 15 times, the flask, which 
had previously been weighed and which now contains the 
ether and fat, is subjected to gentle heat, and the ether is 
distilled off. The flask, containing the fat, is then placed 
in the gtearn oven, until no further loss in weight is obsei ved, 
and the percentage of fat calculated. 

It should be noted that Keller* has found that aeixteen- 
hours* treatment in a Soxhlet is sufficient to remove all the 
fat from cocoa powders, without the addition of sand which 
is often recommended to facilitate extraction. He points 
out, also, that a small, though almost negligible, amount 
of theobromine is also removed by the ether. * 

Method II, 

P. Welmans recommends the following procedure : — 

Five grammes of the finely divided powder are agitated 
in a separatoir with 100 ccs. of ether-saturated water, till 
coherent particles are no longdi: observable; 100 ccs. of 
water, saturated with ether, are then added, and the mix- 
ture briskly agitated, till an emulsion is foftned. 

The mixture is allowed to rest and separate into fyv^o 
layers. Twenty-five ccs. to 50 ccs. of the* clear ethereal 
solution on the top are r^oved by meand of a pipette, the 
ether distilled off, and the residue weighed. 

Prochnowt* adopts a modified Welmans process, but 

* KfiUer, ApolA. ZeU., 1016. xxxL, SSU 
f A. Ftoelmow, Afch, Fkarm,, 1010, ooslviM., 81. 
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the finely divided* powder was extracted with ether in a 
Boxlilet apparatus -for 18 hours. At tlie end of that time, 
the extracted j)owder was removed from the cartridge, 
rubbed down in 6, mortar and again extracted for three 
houirs. In several cases, an - additional quantity of fat, 
amounting, occasionally, to 1*5 })er cent.,* was extracted by 
the second treatment. The percentage of tat, found, varied 
in raw beans from 50*80 to 58*98 })er cent., and in the 
roasted beans from 50*12 to 53*70. Prochnow, in criticising 
the rapid methods of Tschaplowii z* and of Kirschuerf for 
estimation of fat in co(U)a preparations, has stated that such 
processes are only applicable for approximate analyses. 

Method 111. 

A. KreuzJ makes use of chloral alcoholate as a solvent 
in the following method : — 

Two grammes to 3 grammes of the sample and 8 grammes 
of chloral alcoholate are placed in a fiask and heated to a 
hopiogeiieous mass. To this mixture, 15 ccs. of ether are 
added, and the contents of the flask well shaken ; a further 
36 CCS. of ether are added, and the whole filtered into a 
weighed flask. The residue in tlie filtei’ is washed twice 
with pure ether. The flask and ethereal solution of fat is 
dried at 105° to 110° C., at which temperature the chloral 
alcoholate is completely expelled. 

In a subsequent communication, he recommends the 
removal of the diloral alcoholate by heating under reduced 
pressure at a tenq^erature of about 75° C. The residue, so 
obtained, is treated with chloroform to re-dissolve the fat, 
the solution filtered, to separate the theobromine and cacao- 
red, the filtmrte evaporated, and the fat weighed. 


• Tw^MplowiU, Jmr. Chem. 5oc„ Abstr., IflOft, ii., 404. 
t Kinohoar, ii., 502. 

A. Kreai, MtocA. AoAr. 1208, xv., 680, and xvi., 5M. 
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MethodlV. 

Davies and McLellan*, an(^ Steinmannt, recommeiid 
the use of rectitied petroleum ether, boiling 60° C.,as the 
solvent, the last mentioned author pointing out that the 
errors, caused by rnaking use* of Kreiiz’s method (/!/.)? are 
considerable, especially in the case of chocolates. The 
Soxhlet method isn*ecommended by these workers. 

The use of ethyl alcohol, for obtaining a finely divided 
sample for subsequent extraction, is recommended by many 
observA*s.J • 

There are various modifications of the ether -extraction 
method, devised, often, with a view to accelerate the estima- 
tion. One such method, proposed by Hughes ,§ is based 
on Bordas and Ton plain’s method for the rapid valuation 
of milk. 

The materials, to be analysed, are, firstly, ground as finely 
as possible and passed through a 80 -mesh sieve. Two 
grammes of the sample are then taken, and 80 c-cs. of 50 ])er 
cent, alcohol added, the whole mixed thoroughly and whirled 
on a Leffman-Beam centrifugal machine in glass cylinders 
holding about 40 ccs. The clear licjuid is decanted off and 
^rejected, and a second appli<^iition of about 80 ccs. of 50 
per cent, alcohol made, the whole whirled, and the clear 
liquid again rejected. To the residue, after alcoholic extrac- 
tion, a mixture of equal volumes of ordinary ether and 
petroleum ether is added, stirred, and well mixed for about 
15 ftiinutes and whirled, the clear liquid being decanted into 
a tared flask. A second extraction with tfie ether mixture 
is made, and this is usually found to be sufficient to effect 
complete extraction of the fat which, the^-author claims, ia 
free from impurity. • • 

♦ S. H. Davies and McLelian. Jour, Soc. Chem. /ad.. 1904, 480. 

• • « ^ 

f A. Steinmann. Chem. Zeii^ 1905, xxix., fu74. • 

J Tschaplowite, Zeitsch. anal. Chem.t 1906, xlv., 231 ; A. Kirschner, Zeitsch. Nahr. 
Oenus9m.t 1906, xi., 450, etc. 

S £. B. JHughes, Chem. N€w«, August, 1919, cxix., 104. 
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Hughes gives results, obtained by his method compared 
with- those by Soxhlet extfaction, as follow : — 

From From From 

Whole-fat cocoa. Oommercial cocoa. Chocolate. 

Fat per 6ent. Fat per cent. Fat per cent. 

Centrifugal method 44*31 21*15 31*55 

Soxhlet method 44*37 20*85 31*50 

A centrifugal method for separation of the solvent and 
solids, in which ether is used, and in which the collected 
solution is evaporated and dried, is official in Prance.* 

Another method, which calls for some attention and 
further experiment, is that devised by Richter.j* The 
Zeiss Refractometer is used, in this method, on ah ether 
infusion of the material to be examined, extracted by an ether 
and alcohol trisodium phosphate solution. Equal volumes 
of alcohol and ether are mixed together, and the trisodium 
phosphate is prepared by adding 65 grammes of the salt 
to a litre of water. Preliminary experiments are necessary 
to ascertain how much of the ether-alcohol mixture must be 
added to 100 ccs. of the phosphate solution, so that 5 ccs, 
of ether will separate after mixing. The proportions of 
ether and alcohol in the mixture are so adjusted that 25 ccs. 
of the mixture must be added to yield 5 ccs. of ethereal 
layer. 

Ten grammes of the powdered cocoa preparation are 
taken and mixed with the found quantity of ether-alcohol 
mixture ; 100 bcs. of the phosphate solution are then 
a4ded. The whole is shaken for some ten minutes and 
allowed to settle. The extracts of chocolates, and of 
coarsely powdered cocoas, should be slightly warmed and, 
subsequently, cooled to 17*6® C,, at which temperature all 
measureipents are made. • The cleaV ethei’eal solution is 

* Ann. 1911, iv., 417. 

t 0. IUdhi«r, Mack. Nahr. OetitMm., 1912, xsiv., 312. 
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examined in the refractometer and the percentage of fat (F), 
present, calculated from the formula — . 

P ‘ \100XY 

where n = refracjbive index 6f cacao butter = 1*4663, 

. Ui = refractive index of solvent, 

nj == refra(ftive index observed for the fat solution, 

X = the excess of volume of the ether (5 ccs.), 

Y — S. G. of the fat, 

•Z = weight of the substance in grapimes (10 
grammas). 


Table LXXVIII. — Co-operative Results on Ether-Extract 
}fy the short-methodt testim/ effect of Temperature and 
Necessity of Filtration (see p. 456). 
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The work of lire 1). B. Department of Agi'iculture, [Bur. 
of Clum. Bull, 152) in 1911> provided some interesting 
ticures in connection with rapid determination of fat in 
cocoa iireparations. Two objections had been found to the 

motfiod suggested in 1910 : - . iii x- 

(1) Loss by (evaporation of the solvent during filtration. 

(2) That higher values ^vere obt ained op hot days than on 
cold, owing to fhe evaporation of the solvent. The objec- 
tions were considered by a referee, who provided a sample 
of cocoa for the estimation of fat by different collaborators 
in differe.it laboratories. Table LXXVIII. shows the results. 

In the discussion that followed, the referee s^^t^d that 
this method (see suggested A.O.A.C. rapid method, 1 ) 

could oidy be i-ecommended for approximate determinations 

and in ('uses when rajiid analyses were desired. The sub- 
stitulion of petroleum ether for sulphuric etlier was further 
recommended in view of the fact that theobromine and 
certain quantities of substances, other than cacao butter, 
were found to be extracted by sulphuric ether and not by 
netroleuin ether, whilst the fat was equally soluble m both 
solvents, llesults on five cocoas were shown, thus ; 

Covwarmn oj Ether-extract Bcsults, using Sulphurw 
and Petroleum Ether. 


Suljthurio ether 
Per cent. 

23- 07 
29-39 • 
28-12 

24- 99 
23-15 ' 


Petroleum ether, 
per cent. 

22-74 

28-86 

27-52 

24-40 

22-56 


In 1*912, a further report [V. S. Dept.'Agrk. BuU., m, 
1912) confirmed the desirability of using petroleum ether, 
and a provisional method was put forward. 
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A rapid methofl, proposed by Kreis,* m to boil 1 gramme 
of cocoa for fifteen mkiutes in a graduatei^l tube with 20 ccs. 
of l-ST per cent, hydrochloric acid* The mixture is cooled to 
30° C., shaken for live minutes with ether Snd centrifuged 
for fifUen minutes (at least 1,000 r.}).m.). An aliquot Qart, 
say 25 CCS., of the •ethereal solution is transferred to a fared 
nickel basin, the ^ther evaporated, the residue of the fat 
heated for ten minutes in a drying oven and weighed. After 
the quantitative extraction of a small, candully weighed 
sample^of cacao or coi-oa preparation, a larger quantify must 
be extracted for the qualitative tests to be performed upon 
the fat. 

The high price of cacao butter has caused the fre(|uent 
substifution of other vegetable fats, and, though not prohi- 
bited in this country, owing to the absence of legal standards, 
it is certainly desirable to ascertain the nature of the^fat 
employed. 

The substitutes of cacao butter that are most likely to be 
encountered are given, with their constant s, in Table LXXX. 
There are, however, a number of qualitative tests, which can 
be rapidly performed, which afford a useful indication •as 
/ to the purity of the cacao butter, before the more elaborate 
methods of deterftiining its constants need be used. The 
most important of these is BjorklundV ether test.^ 

BjORKLI'ND’s l^THKR TeHT. 

• 

The ether test, which, in -a modified fbrm, constitutes 
the British Pharmacopcjeia test of purity, consists in 
shaking a quantity of the fat (3 grammes.), in a test-tfibe 
with twice its weight of ethqr at 18° C. i^ure cacao butter 
produces a clear solution, whilst ^the presence ci wax 
will at once «auj?e turbidity, ^%bich will m)t clear, even on 
warming. 


• H. Krew, Chem, ZtiU, xU 832- 
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If a clear solution is obtained, the test-tube is immersed 
in water at O'’ Ct, and the minutes' which elapse, before 
turbidity occurs, noted. 

Bjorklund ma\ie the following observations : — 


Turbidity at 0° C. Clear solution 
after minutes. at degrees 0. 

Pure cacao butter .... 10 — 15 . 19 — 20 

Cacao butter + 15 per cent, beef tallow 8 . 22 

Cacao butter + 10 per cent, beef tallow 7 . 25 

t 

It has been observed, also, that the form of the crystals 
in the chilled, ethereal solution is a useful indication of the 
addition of tallow, pure cacao butter crystallising in well- 
defined shapes at the bottom and sides of the tube, whilst a 
small percentage of tallow renders the solution cloudy and 
floCculent. 

Refractive Index on Zeiss Butyro-Refractometer. 

• The determination of the refractive index of a fat has 
long been known as a useful indication of the state of 
purity. 

The instrument, usually employed, is the Zeiss butyro- 
refractometer, which, from its handiness and for general 
utility, is most to be recommended. 

There are a few oils, hhwever, such as tung oil and the 
resin oils, which fall without the scale (5° to 105° on, the 
butyrometer), and, for these; the Abbe refractometer, or the 
olw-refractometer of Amagat and Jean, may be used. 

The Zeiss butyro-refractometer, which consists of an 
Abb6 double prism, capable ot being heated by a current of 
hot water, and a permanently attached telescope, the 
objective of which is adjusted by a micrometer screw, does 
not need farther description, the method of working being 
one of greatest simplicity. 
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• •• 

Some figures of value for the detectioft of adulteration of 
cacao butter, obtained by the author, are given : — . 

Readingti on Zeiss butyro* 
• refraotometer at 40® 0. 


Cacao butter . . • . . . 46 — 4Ta 

Coconut stearin ..... 36 — 36 

Beef tallow • . . . . . 48:5 — 49*0 

Palm butter (hard) .... 47-0 

Palm-kernel oil . . . . . 38 — 39 

Earth-nut oil .... . 55 — 56 

Butter fat *. . . . . . 42 — 45 

(usually 44*5) 

Hazel-nut oil .... . 54-2 

Almond oil. . . . . . 57*2 

Pat from Cailler’s milk chocolate . . 46*0 

Fat from Nestis’s milk chocolate . . 46*0 , 

Fat from Peter’s milk chocolate . . 46*2 

Fat from “ Nuttis ” (Peek Frean’s nut 

chocolate) ..... 50*0 


It has been thought desirable to include, for consideration, 
only those physical and chemical constants of cacao butter 
wliich are of the ^eatesl importance and value to the analyst, 
and which will enable him to detect the presence^ and extent 
of adulteration with foreign fats. For this purpose, the 
methods of estimation of the Specific gravity, the melting- 
pgint, the melting-point of the fatty acids, the saponification 
value, the Reichert-Meissl value and the iodine value, only, 
will be discussed. If further information, concerning the 
estimation of other values for cacao butter, is required, 
Allen’s “ Commercial Orgegiic Analysis*” vol. ii., 1910, is 
to be recommended. . 

In the works* of rAlder Wright, Lewkdwitsch and others 
on oils, fats, waxes,%tc., will also be found full descriptive 
details^ for the processes involved in estimating acid value, 
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Hehner value, acetyl value, bromine value, refractive index, 
etc., which may required, from time to time, for special 
cases. 

* Specific Gravity. 

Fat })OSHesHes a sj»ecilic gravity largely depending upon 
its constitution. The determination of tins value, therefore, 
is of some, import anC/C in detecting adulteration of cacao 
butter with any particular oil or fat. 

In the case of an oil, the determination of specific gravity 
can be made by means of a hydrometer, specific gravity 
bottle, or S])rengel tube at any moderate tem))erature, com- 
pared against that of water at 15*5® C., which, in England, 
is usually taken as the unit of com})arison. 

In the (‘ase of a fat, or wax, solid at ordinary temperatures, 
such as cocao blitter, the fat is melted, and the s^iecific 
gravity is taken at some higher tem])erature, preferably the 
boiling point of water (100^ C.). 

Tlie Sjirengel tube, which gives more accurate results 
than the hydrometer or s]>ecific gravity bottle, is constructed 
of thin glass tubing, having an internal diameter of about 
^-hich. The tube is usually bent into a U-shape, terminating 
at both ends in capillary tubing. 

The weights of the Sprengel tube and of the volume of 
water it cputains at 15-5° C. are first ascertained. The clean, 
dry tube is then filled with the molten fat, by iitimersing one 
end of one ca]>illary tulRMn the liquid and applying suction to 
the other. The whole is then placed in a beaker of boiling 
water, in such a Way that only the extreme tips of the capil- 
laries are not covered. As the temperature of the molten 
fat rises, expansion occurs, and the oil drips from the fine 
orifices of the capfllary. As soon expansion has ceased, 
and th«f oil has attained Uie temperature of the boiling water, 
the Sprengel tuW^ is remowid, carefully iirieS, cooled and 
weighed. The weight of the contents divided by the weight 
of water which the tube originally contained at 15*5® C. will 
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give the specific gravity of the oil at 100^*C. conipaixHl with 
water at 15-5^ C. • 

Table LXXIX. shows the s[)ecific gravities of various fats, 
solid at the ordinar}' temperatures, as CjHbserved by Allen. 
Though these results were obtained by a ditfeixmt inetiiod 
(the plummet mefliod *), they could have been ascertained 
by the Sprengel tube method, describ<‘d, witli tupial facility 
and greater acciirju'v. 


Table IjXXIX. — Sp^nfic (jravltif^s of Coi'ao liutivr and 
some possible Adnlierants, 



(^acao butter 
Palm oil 
Japan wax 
Tallow . 

Butter fat 
Coconut stearin 
('Jooonut oil 
Palm nut oil 
Paraffin w'ax 



S|iecl(l<* Krn\l(\ of nielteil f»fj», i-tr . 
water at If* r»' (' (I, (KM)) 


892 1 at 5(1 C 

893 (1 at 5(1 C 
9(11 8 at (Ml C 
895 (1 at 50 (’. 
904 I at 40 V. 
895-9 at (Ml ' (\ 
911 5 at 40 ('. 
911 9 at 40 
780-5 at (M)^ C. 


857- 7 at 98 (\ 

858- 0 a1 98' C. 
875 5 at 98 ( 
802 0 at 98 C. 
807 7 at 99 (’. 
809 0 at 99 (’. 
873 0 at 99 C. 
873 1 at 99 (’. 
753-0 at 98 C. 


Iilflerence | 
for I r. i 


0 717 
0717 ! 

• 0 092 I 
0(i78 j 
0017 I 
0(174 
O 1142 
0 057 ] 

0-724 I 


^ • The specific gravity of a fat may vary within narrow 
limits, according Co the ^nethod of expression or extraction, 
the presence of fatty acids, the age of the fat , and other 

circumstances- • 


Melting- and Solidifying-points. 

The addition of extremely small (|uautities of oil will 
rapidly lower both the melting-point and the solidifying-point 
of cacao butter. The reverse is the case on addition of af fat 
or wax of higher melting-point. 

The true melting-point of cacao^ butter lies betw^n 30® 
and 34® C., when it* fuses to 9. transpar^mt yellow liquid, 
which congeals again •at 20*5® C. * 


Vide Allen's “ Commercial Organic Analysis/' 1910, li,, 48. 
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Melting-point. 
r Method I. 

t 

The cacao fp-t is first melted, at about 33'" C., and drawn 
up into a fine, thin capillary tube, made by drawing out a 
piede of ordinary quill tubing/ The fat is made to solidify 
immediately in the tube, which is then placed away for two or 
three hours. The longer the fat is allowed to remain solidi- 
fied up to, say, twenty-four hours, the more nearly will the 
true melting-point of the fat be obtained. The capillary 
tube, whi/*li is open at both ends, is attached to an accurate 
thermometer, at its bulb, by a thin piece of rubber band or 
tubing. 

The thermometer and attached tube are then immersed 
in water, which is very graditally heated and constantly 
stirred, until fusion of the fat takes place. The mean of the 
temporal ures at the point of fusion of the fat, observed over a 
number of experiments, may be taken as the melting-point. 

The flame is then removed from beneath the receptacle 
containing the water, and the temperature at which the fat 
solidifies observed, as the water cools. 

' As a rule, the solidifying-point of a fat is a very much 
lower temperature than the melting-point — this is the case 
with cacao butter. 

Method 11, 

- The method of deterrahung the melting-point of fats, 
adopted by the A.O.A.C., is somewhat more complic^V^d, 
though extremely accurate. 

The fat, melted and filtered, is made to fall from a 
dropping tube, from a height of 15 to 20 cms., on to a smooth 
piece of ice floating in distilled yrater. The discs of solid fat, 
so formed (^to 1*5 cms. ip diameter), weigh about 200 mgrms., 
and are amoved by pressing the ice mideV tlA3 water, when 
the surface and can be readily removed, 
ajpparatus, employed, consists of a boiling-tube. 
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• 

36 cms. long and It) cms. diameter, containing a smaller test- 
tube, 30 cms. long and 3*5 cms. diametei;. A small-bulbed 
thernlometer and fittings for bibwing air into the outer 
tube complete the apparatus. . • 

Some distilled water and. 96 per cent, alcohol are ^rst 
separately b.oiled,*to remove any traces of air which they 
might contain in sqjiution. The hot water is then poured into 
the inner tube, until the latter is half full, when the hot 
alcohol is admitted slowly down tlie side, until the tube is 
about tliree-quarters filled. 

The object of these precautions is, firstly, to ])iWent the 
formation of bubbles of air on the disc of fat, which is subse- 
quently placed in the inner tube, and, secondly, to avoid 
complete mixing of the alcohol and water. The inner tube is 
then placed in the boiling-tube containing ice-cold water, 
until the contents of the former are (juite cold. 

When cold, the disc of fat is placed in the inner tube 
containing the alcohol and water, into whicdi the disc sinks, 
until the specific gravity of the mixture is the same as that 
of the fat. 

The delicate thermometer, with a fine bulb, is let down into 
the inner tube so that the bulb is just above the disc. The 
temperature of tnb wat^r in the boiling- tube is now gently 
raised, and the water kept constantly stirred by blowing in 
air, from a rubber blowing bulb, at the bottom pf the boiling- 
tube. ^ • . 

,When the temperature has been raised within a few 
degrees of the melting-point oi the fat, theflisc of fat will be 
seen to shrivel, and, at this point, the thermometer should be 
lowered so that the level of the bulb is the same as that ofthe 
disc, and a gentle stirring mption given, to cause a uniform 
temperature in the neighbourhood pf the disc. As «oon as 
the fat disc has ^assumed an almost spherical shape, the 
temperature of the solution, in which it is immersed, is t»aken 
at the level of the disc. 



464 


COCOA aI^D CHOimATE 
» 

A second and Ithird rejietition of this operation will give 
very accurate readings for the melting-point of the fat. 

I < 

, SOLIDIFYING-POINT. 

The determination of the solidifying-point of the fats is of 
less irii])orUn(*e and may be made after the determination 
of the melting-jK)int, described under Method I. It is desir- 
able, however, to substitute a ca])illary tube, closed at one 
end, for that open at both ends, as used in this method. 

The value of estima ting t he melting- and solidifying-points 
of the fatly acids obtained from the fats is cotisiderable, and 
the variations, oecurring in tlie figures of the two estimations, 
are less than when the natural fats are employed. 

Method /. 

A moditication of Dalican’s method, official in the 
United States, is extremely accurate and embodies the 
original method, suggested by Dalican, with the })recaution 
that constant (quantities of chemicals for the ])re])aration of 
the fatty acids, standard dimensions of apq)aratus, etc., 
are em])loyed, so that the 8olidifying*point of the fatty acids 
can be determined under strictly comparable conditions. 

Twenty-live grammes of fat are* saponified with 60 ccs. 
of 30 i>er cent, sodium liydroxide solution (36° Be.) and 75 
CCS. of 95 per rent, alcohol, or 120 ccs. of water, in a platinum 
dish, and the mass evaporated to dryness. 

The dried soap is dissolved by 1,000 ccs. of boiling water, 
and the solution boiled, until all the alcohol has been expelled 
(usually about 40 minutes). 'The solution is then treated 
with 100 CCS, of 30 per cent, sulphuric acid (25° B^.) and 
heated, until the fatty acids, se^t free, are quite clear. 

Tho acids are ,then thoroughly washed with fresh 
quantities of diiftilled water, separated in" a separating 
funmh filtJared through a dr}^ filter-paper and thoroughly 
dried for 20 to 30 minutes in a steam-heated oven at 100° C. 
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• *• 

The dried fatty acids are alJowed to cool to lo*" or 20'" C. 
above the suspected ^neltiug-point ; th^^ are Iheii poured 
into a test-tube 100 mfUs. long and 25 mms. jn diameter. 

This test-tube is made to tit into an empty flask, 150 
mms. long by 70 mms. in diameter, by means of a cork,'^ind 
a t^jermometer, registering from 10" to 00" and graduated 
in tenths of a degree, is passed through a hole in a cork of 
the inner tube, until the bulb reaclu's tlu^ middle of the 
material. The 10" mark on the scale of the tlK^rmometer 
should be about 8 cms. above the bulb, and the entire length 
of the thermometer should not (^\c<‘ed 80 <‘ms. 

When the fats, or fatty acids, conim(‘nce to solidify at the 
bottom of tlu^ tube or around th(‘ sides, the thermometer 
sliould be given a gentle stirring motion, to equalise the 
tem]>erature of the material. At first, the temperature 
will be seen to fall slowly, and then to rise to a point, when 
the mercury will remain stationary for om^ to two minutes. 
The readings of the thermoinettu' sliould be takiai at sliort 
and equal intervals of time, and t}it‘ highest tenqierature, 
recorded during the short rise following the fall of the 
n^ercury, gives the solidifying-jioint or “ titer of tlie 
•^material. 

The experiment should be rejieated 2 or 8 times, and 
the readings, obtained, should not vary by more than 0-1" C., 

if proper care*lias been exercised. 

• « 

, Other Methods. 

There are several other well -recognised methods of 
determining the solidifying-i)oint of fatty acids, etc. , 

Finkener’s * method, which had an official status in 
Germany for the differentiatkjn of lard, tallow and candle 
fats, Wolfbauer’s method, ShukofT method, and others, 

♦ Finkener, (’hem. 1S90, xx., 132. * 

t WoIfbauer,*‘ Mitl. techn. Qew. Mun. in Wien., JS94, 57 
^ Mhukoff, Ohem. 1901. xxv.. 1111. 
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#•* f 

can be found desCribed in Allen’s ''Commercial Organic 
Analysis,” 1910, vel. ii., 56—58. or ih the original papers 
given in the foojLnoies. 

It has been f6und that the method and duration of 
saponification have no material influence on the results 
obtained by any of the foregoing methods, the most impor- 
tant factors, in obtaining consistent pesults, being the 
complete expulsion of alcohol after saponification and the 
thorough drying of the fatty acids. 

For tl|e methods of determining other physical cotistants 
of cacao butter, such as action on polarised light, electrical 
conductivity, viscosity, heat of combination, etc., Allen’s 
“ Commercial Organic Analysis,” vol. ii., Lewkowitsch’s and 
Alder Wright’s books on oils, fats, waxes, etc,, shoiild be 
consulted. 

^Saponification Value or Koettstorfer Value, 

The saponification value of an oil or fat is expressed 
as the number of milligrammes of })ota8siuiu hydroxide 
required for the complete saponification of 1 gramme of 
that oil or fat. 

Oils and fats, of the nature which will come under the , 
notice of the chocolate manufacturer and his chemist, are, 
with the , exception of paraffin wax, broken up by the 
action of alcniholic alkali into the alkaline salt, or soap, of 
the fatty acids, existing in the fat, and glycerol or glycerin, 
which existed originally in the fat as the glyceride, or glycprol 
compound, of the fatty acids: 

The saponification of fatty oils is a perfectly definite 
reaction, and not only can the proportion of fatty acid and 
glycerol, produced from any fat or glyceride, be determined, 
but the actual amount of alkali involved in the reaction 
can be ascertain^. Thu8,*in the general equation— 

CaHjA + 8 KOH . + 8 KA, 

^ Koettotoder, Z6kch. tuuU. Chm.* ISTfii, ivUi., 199. 
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the fat or glyceride (C3H5A}, eontainin|; a fatty acid A., 
combines with potassium hydroxide (KOH) to give glycerol 
(C3HJ[0H]3) and the ^potassium* salt, or soap, of the fatty 
acid A, (KA). • * 

In the above equation, the number of parts of fat saponi- 
fied by 1 inoleculS of potassium hydroxide will be one-third 
of its molecular weight, but, in the case of au ester of a 
monatomic alcohol, the number will be identical to its 
molecular weight. This figure is, briefly, what is termed 
the “ saponification equivalent and represents tl]e amount 
of oil or fat,* in giammes, which would be saponified by 
1,000 CCS. of a normal solution (N) of any alkali. 

Li determining the saponification value, however, the 
amoufit of fat is the constant, and the amount of alkali is 
the variable. 

Meilvod 1, * . 

From 1*2 to 2 grammes of the fat are weighed out and 
treated with an accurately measured 25 ccs. of approxi- 
mately semi-normal solution of potassium hydroxide 

ip alcohol, in a flask bearing a long tube to act as an air- 
j* condenser. • 

The alcohol should be previously freed from water by 
keeping an excess of dry potassium carbonate in4he bottle 
containing it.* 

The flask and its contents are heated on a water-batli, 
mitil solution of the fat has taken place, aryl the saponifica- 
tion is complete. This usually takes from 30 to 45 minutes. 

In order to ensure greater accuracy in the subsequent 
titration, a test experiment should be conducted side by 
side with the fat undergoing saponifi^tion. The test 
experiment consist of measuring ofit accurately 25 ccs. of 
* * * N • 

the same approximafbly potassium hydroxide solution 
pi?eviotu|)y added to the fat, and beating it, in a flask 

*0— » 
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similarly coiiHlrucfed to that in which the fat is being 
saponified, for the same length of time.* 

One cubic c(;ntimetre of a 1 ])er Cent, alcoholic solution 
of phenolphlhaleiif is then added to each flask, and the 

li(|uias titrated with ^ hydrochloric acid. < 

The difference between the volumes of standard acid, 
used in the two cases, will give the number of cubic centi- 
metres corresponding to the alkali neutralised in saponify- 

N *’ 

ing the orl, (*ach cubic centimetre of hyd^rochloric acid 


(lH-25 grammes of liydrochloric acid in 1,000 ccs. of solution) 
representing 0-02H05 grammes of potassium hydroxide 
(KOH). From these figures, the number of milligrammes 
of })otassium hydroxide, re(iuired to saponify 1 gramme of 
the fat, can readily be obtained. 

From the sai)onification value, so found, IIk; sa})onifica- 
.tion equivalent can be calculated by dividing the former 
into 561, and multiplying the result by 100. 


MeUml 11, 

A method of cold saponification may, at times, be found 
useful. 

In this method, 8 to 4 grammes of the fat, dissolved in 
25 CCS. of re-distilled petroleum ether, are treated with 25 ccs. 
of juormal (N) alcoholic potassium hydroxide solution, and 
the mixture, after thorough shaking, is kept in a flask for 
24 hours. The uxcess of alkali is titrated with standard 
hydrochloric acid, as previously described. A blank experi- 
ment must be conducted side by side with the fat under- 
going saponification, in order to check the strength of the 
alcoholk* j^tassium hydroxide employed, which will vary 
from day to day. - 

Reichert-Meihsl Valve. 

The Reichert-Meissl value, which is of si)ecial importance 
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in butter analysis, is a iiiodification by M?»iss!^ of Reichert’s f 

method for the estinfhtioiuof the nuiiiber'of cubic? centimetres 

• • 

of decinormal alkali solution re^iiifed to neutralise 

the distillate obtained from an ac'iditied solution of A fat, 
previously saponified, under definite conditions. 

Reichert’s orij^inal method need not be dis4*ussed here, 
but will be found, if recjuired, in the pajicr mentioned in 
the footnote. 

• , MetJiod L 

Five grammes of the fat are (‘arefully weighcHl out, and 
cautiously heated, with constant shaking, over a small 
flarne^ in a 800 cc. Erlenmeyer Hask witli 20 ccs. of glycerol 
(specific gravity, 1*2G), and 2 ccs. of sodium hydroxide 
solution (100 giammes sodium hydroxide in 100 ccs. of 
water). The water is then evaj>orated off, an opt^riltion 
which usually takes 5 to 8 minutes, resulting in the forma- 
tion of a clear liquid. 

The flask and contents are warmed over a steam- or 
water-bath, until the fat is completely saponified. is 
then allowed to cool to about 80® C., and treated with 90 ccs. 
of distilled water;^t thepsame temperature. 

The solution is then acidified with 50 ccs. of dilute 
sulphuric acid (50 ccs. of strong acid in 1,000 ccs? of water), 
and the volatile fatty acids, set^free, are distilfed off. 

Before distillation, care should be taken that the fatty 
actds are quite molten and that the globules in tlie emulsion 
have fused together. This may be brought about by heat- 
ing the flask and contents on the water-bath, until the fatty 
acids appear as a transparent, oily layer -on the surface of 
the water. * • • 

DistiUcdioT^, — ^fter the fatty a<?ids have separated into 
a clear layer on the surface of Che water, the fla»k is cooled 

• MeiMl, Pinglera 1879, ccxxxiii., 229. 

t Reiobert, ZeiUch. anal. Chem.t 1879, xviii., 68. 
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to the temperature'of the room, and a few pieces of pumice- 
stone, added. The*^ pumicje-stone should be prepared by 
heating it to white heat and throwing it into distilled 
water, in which it kept immersed, until wanted. 

The flask is now connected to a glass condenser and 
slowly heated over a naked flame, until tiie contents com- 
mence to boil. After this, the flame is so regulated that 
110 CCS. of distillate pass over in 30 minutes, the rate of 
the distillation being kept as near as possible to these figures. 
The distillate should be received into a flask, accurately 
marked at 110 ccs. 

Titration of the Volatile Fatty Acida . — The 110 ccs. of 
distillate, after thorough shaking, are filtered through a 
dry filter-paper ; 100 ccs. of the clear filtrate are then 
measured into a flask of about 250 ccs. capacity, and 0*5 cc. 
of ])henoli)hthalein solution (1 gramme in 100 ccs. of alcohol) 
added, 

N . 

barium hydroxide solution is run into the fatty acids, 

until the red coloration, which remains permanently for 

2 or 3 minutes, is produc^ed. The number of ccs. of barium 

liydroxide solution, required, should be increased by one- 
tenth, in order to allow for the 10 ccs, of acid distillate not 
used. 

Other Methods. 

The method, ^described, is essentially that devised by 
Ijeffman and Beam * and is based on the Reichert-Meissl 
method. 

Other methods, official in various countries, are similar 
in the main points to Method 1. 

Wollny,^ in order to obviate errors arising from absorp- 
tion of carbon dioxide, from variation in the size, shape and 

* LrSbuui Beam, Th§ ISSl, xvi., 153 ; 1885, ud., 851. 

t WoUny. Th$ 1887, zii, 803} and Mikk M., 1887, Ngi. 38-^ 
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nature of the apparatus, and from the dHTering strengths of 
solutions employed, has mg,de certain coi^ditions under .which 
the e*stimation should be made. *This lias been adopted, in its 
essential features, by the A.O.A.C. * 

• • 

. • Iodine Value. 

The principle .underlying the iodine and bromine values 
of fats and oils lias already been given in Chapter XXV., and 
the determination of the amount of iodine or bromine, fixed 
by a given acid or mixture of acids, affords useful informa- 
tion as to the nature of the fatty acids present. 

The absorption of free iodine by fats and oils is slower 
than the absorption of bromine, but the following methods, 
described, will be found to give accurate and consistent 
results in the shortest possible time. 

MetJvod L 

The first method, which was devised by Hnbl,* is as 
follows : — 

Solutions required, — (1) An alcoholic solution of mercuric 
chloride is prepared by dissolving 60 grammes of corroj^ve 
^ sublimate or mercuric chloride in 1 litre of 95 per cent, 
alcohol. The solutioif is filtered and placed in a well- 
stoppered bottle. , • ^ 

(2) An alcoholic solution of iodine is prejiared by dissolv- 
ing 50 grammes of iodine in 1 litre of 95 per cent. alcohoL 
^ (3) A sodium thiosulphate solution (about 24 grammes to 
the^ litre) is standardised against pure, sAblimed iodine or 
potassium bichromate. 

Before determining the iodine values of fats or oils, equal 
volumd^ of the first twp solutions are taken and thoroughly 
mixed in a well-stoppered bottle^ wliere they should be 
allowed to reifiaiit for at least twenty-four hours, in order that 
any iodine-absorbing impurities may be eliminated. 

• Hfibl, Folyi,^ 18Si, colUi. 2S4. 
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From 0-8 to IK) gramme of a solid fat, such as cacao 
buttef, or up to 0*5 gramme of dryings, or non-drying, oils is 
weighed out and dissolved in 10 ccs. of pure chloroform, 
which should not® contain any iodine-absorbing impurity. 
To the chloroform solution, ar«e added BO to 40 ccs. of the 
mixed iodine and mercuric chloride solution, .more being 
introduced,, if, on standing for two 10 ? three hours, the 
brown-coloured mixture lightens in colour to any extent. 

A large excess of free iodine, about equal to the amount 
absorbed, should remain in the solution undergoing the 
treatment after the fat has fixed all the iodine of which it is 
capabh^. 

The mixed solution should be allowed to remain in close- 
stoppered bottles in the dark for several hours, preferably 
from twelve to twenty-four hours, when the iodine absorp- 
tion, shodld be complete. 

When the process is complete, from 10 to 15 ccs. of a 
10 })er cent, solution of potassium iodide are added with 
about 150 CCS. of water, and the excess of iodine, present, 
titrated with the standardised solution of sodium thiosul- 
pliftte, a little starch ])aste being used as indicator towards 
the end of the titration. 

The difference between the iodine found in the blank and 
in tlie real, determination will give the amount of iodine 
absorbed, which, calculated on 100 grammes of fat, w'ill give 
the iodine value, required. 

As the mixed solution of iodine and mercuric chloride 
varies in strength from day to day and as the (diloroform may 
contain certain quantities of iodine-absorbing impurities, it is 
most necessary to carry out a blank experiment side by side 
with the actual determination The same quantities of 
solution aiM the same operations, as were involved in the 
actual detejminati'on, should be employed for the blank 
exi^eriraent, with the exception that, in the latter case, no fat 
is added. 
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The iodine vafiie is always estiinated*as the amount of 
iodine absorbed by 100 parjs of fat. 

The actual productji, formed during the Hiibl process of 
estimating the iodine value, liave been the matter for con- 
siderable discussion^ Prom tlie researches of Hubl, Ephrain.^ 
Wijs,f Lew]^witsdh,J and others, it would appear conclusive 
thaT, during tlie nyxing of the iodine and mercmjc chhuide 
solutions, a certain j)roportion of mercuric iodide is formed 
with, ])Ossibly, a small (juantity of iodine nionochloride. It 
is [)robable, therefore, that the fatty halogen (‘onij>ound, 
eventually fori^ied, is not a sinude iodine addition* })roduct, 
but one containing both iodine and chlorine. 

. Method 11. 

A modified method, suggested by Wijs, has consichnably 
lessened tin* tinu‘ taken for absorption, use being madi* of the 
action of water on iodine chloride to form hypoiodous afid, 
whicli, he considers, to be the chief agent in ac(*elerating tlie 
absorption. 

Wijs prepared his iodine chloride by dissolving IB 
grammes of iodine in a litre of glacial acetic acid and by intro- 
ducing chlorine, until the amount of thiosulphat e, required l)y 
the solution, was cfcubled. Wdth a little practice, the correct 
point can be detected by the change in colour of tj^ie solution. 
The solution^ so prepared, is practically an acetic acid 
solution of iodine cliloride and i^^fairly stable. This solution 
is used in the same way as Hiibl’s mixed solutions, with the 
advantage that the time of abhiorj)tion is gijpatly reduced. 

Other Methods. 

Other methods have been devised by, Wei mans § and 
Waller || and can be found, in 4he original jmpers given in the 

* Ephraim, ZfiUtch. angew. rA^.,^89.5. 254. * 

t tSid.. ft98. 291. • 

t L«wkowit 80 lf The Anaijfst. 1899, xxiv., 257. * 

§ W«4mat>a, Jour. Soe, Chem. Ind.. 1900, xix., 694. 

I Waller, The Analjfet, 1805, xx., 280. • 



474 ' COCOA ^ND CHOCOLATE 

footnotes, or in the works on oils, fats and waxes by Lewko- 
witsph and Wright. , , * 

Cacao Bi|tter Substitutes: Special Tests. 

fin Table LXXX. will be found physical and chemical 
constants for cacao butter and for those fats and oils with 
which it is likely to be adulterated. There are also included, 
in the same table, constants for those fats and oils which may 
be found in conjunction with cacao butter in the fat extracted 
by a solvent, from commercial chocolates other tha«i plain, 
such as milk, nut and other fancy chocolates. 

The determination of fat-constants, the values for which 
are dependent upon the composition of the fat, affords some 
indication of the nature and extent of adulteration. Thus, a 
high iodiiie value suggests the presence of certain foreign 
vegetable oils, such as sesame, arachis or almond. A low 
saponification value will suggest beeswax or paraffin wax. A 
low iodine value will be found if coconut oil or stearin has 
been substituted for cacao butter. 

• In general, the vegetable oils increase the iodine absorp- 
t bn value and lower the melting-point of the insoluble fatty 
acids, obtained from the mixed fats. 

Cacao butter may show a high acid value, if the fat has 
been extracted from shells (Dutch HA butter) or unduly 
exposed to tlie oxidising influence of air and light. The acid 
value, given by Matthes and Rohdlich,* for cacao butter is 
M to 1*95. 

There have been many researches upon the detection of 
cacao butter substitutes in chocolate. Coconut fat or 
stearin, after a great part of the olein has been removed, is 
especially suitable as a c^cao butter substitute. V/ auters f 
suggests ^e following method for the detection of coconut 
fat in c^kcao butter. 

* MaUIm Mui Rdbdtioh, Her., 190S. 
t Wviton, Tki 1901. xxri., 12S and m 
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Five grammes of the extracted fat (if from chocolate) is 
sapon^ed, and the sbap dissolved yi 160 ccs. of bcvling 
water ; 50 ccs. of 5 per.eent. sulphuric acid sojution are then 
added, and the whole is distilled, so that 100 ccs. pass over 
in thirty to thirty-five minutes. After the first distillation, 
another 100« ccs. of water are added, and the distillation 
repeated. The two distillates are separately filtered, and 

50 CCS. of each filtrate titrated against a solution of 

caustic fioda. The filtrates are washed with 50 ccs^ of ethyl 
alcohol, and tlie washings mixed with the 50 ccs. of the 
filtrate and again titrated. 

By this method, which is really an extenlion of thal for 
estimation of the Reichert-Meissl value, Wauters obtained 
the following results, the figures being expressed as cubic 

centimetres of caustic soda solution re({uired for neutrtili- 

sation : — 

Soluble volatile ac^lN Innoluble volatile acidi^'. 

iHt. 2nd. Total. Ist. 2nd. Total. * 

Cpconutoil . 71 . 4-.3 . 11-4 . 7-85 . 7-5o . l.'>-4 ♦ 

Cacao butter . 0-1 . — . 0-1 . 0-25 . 01.5 . 0-4 

Sachs * has examined many exotic vegetable -fats, which 
have been used as substitutes for cacao butter. Dika or 
Gaboon fat, Tankawang fat or Borneo tallow and Illipe fat 
ba\e 'been examined by this author, who gives also the 
constants he obtained for them. The s^me author has 
examined the stearin obtained from coconut and palm nut 
fats. He suggests the admixture of 75 pei; cent, coconut 
stearin ^ith 25 per cent, Jap^n wax for a good cacao butter 
substitute. This mixture givefe the, following constants: — 
Melting-point, 94® to S5’5° C. ; igdine valued 7*8 ; saponifica- 
tion value, 287 ; Beicliert-MeissI value, 5*5. Other mixtures, 


« O. SacIm, The AntO^, 190S, 123. 
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recoin 111611 ded by^Saclis, are two-thirds palm nut stearin with 
one;third coconut stearin, and^ again, 40 per cent. Tanka- 
warig fat with 60 per cent, coconut ^stearin. 

A new adulterant of cacao butter has been mentioned, 
though not identified.* The fatty acids rfrom the adulterated 
sani])le were brownish yellow and of coarse, gnanular struc- 
ture, whilst the fatty acids from cacao butter are light yellow 
in colour and solidify in fine crystals. The critical tempera- 
ture of solution in glacial acetic acid (5 ccs. of molten fat in 
5 CCS. of acetic acid) of the adulterated sample was 35"? C., that 
for pure cacao butter being 76° — 80° C. Crystallisation, 
from ether-alcohol solution at 10° C., resulted in the produc- 
tion of an oily substance in half an hour, which, on recrystalli- 
sation from the same solvent, melted at 30*7°~40° 0. 
tender similar conditions, j)ure cacao butler gave directly 
wliite (‘I'ystals melting at 46° — 52° C., and, after reerystalli- 
sation, 56° — 57-4° C. 

Bolton and Uevis | have recently devised a modified 
Hal])hen test for the detection of so-called “ green butters 
when used as adulterants of cacao butter. The method is 
mi intended to supersede any of the existing estimations of 
cliemical and jdiysical constants, but to sup))lement them in 
those cases where “ green butters ’’ are suspected. The 
adulterantj? under* consideration conduct themselves like 
cacao butter. towards Bjorklund’s test and ofher solubility 
tests, so readily, that they do not admit of differentiation. 

Halphen J described his test substantially as follotvs*: — 
One gramme of tlie absolutely clear, filtered fat is dissolved in 
2 CCS. of carbon tetrachloride : to 2 ccs. of this mixture, is 
added a solution of bromine in carbon tetrachloride ^made by 
adding bromine to an equal volume of carbon tetrachloride) 
drop by •drop, until Uie colour of the bromine is just 

Chitn. Rev. Fett. Ind., 1914, xxi., 47 and 74. 
t K. R. Bolton and C, Revig. The AnalyeU xxxviii., 201. 

X Haljdim, Jour, Pkatm, Chim.^ 1908, xxriu., 345. , 
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permanent. To the mixture, are added 8 tes. of petroleum, 
(S.G., O’ /GO) and the tifbe st|)p}>ered aijd allowed to stangl for 
twenty-four hours at oi;dinary roorn feinperalure. Halphen 
states that, under these circumstances, a solution of cacao 
butter remains perfectly clear? whilst “ green butters ” ^ve 
a flcjcculent precijutate. 

Bolton and Kevis found that several “ green, butters/* 
examined, gave pra(*tically no })recii)itate, and that certainly 
5 per cent, of added “ green butter ’* could not always be 
detected as Haljdien had stated. It was observed, Jiowever, 
that, on adding the bromine solution to the fat solution, 
turbidity always occurred when purt^ cacao butter was 
l)resent^ but that solutions of fat, adulterated with “green 
butters,” and es])ecially solutions of “ green butters ” alone, 
remained (phl<‘ clear. The turbidity, moreover, was not 
dissolved or dissipated by petroleum (dher, as it was Jby 
Halphen’s i)etroleum. The authors claim that, with the 
modified test, described below, “ green butters ” (^an be 
differentiated from (*acao butter, and that 10 per cent, of 
“ green butter,” added to cacao butter, can be detected. 
Bolton and Re vis’ test is as follows : — « 

One gramme of^he clear, filtered fat is dissolved in 2 ccs. 
of a mixture of ecpial parts of carbon t etrachloride and petro- 
leum ether (distilling below 40° C.). Twoecs. of this solution 
are placed in a test-tube about 6 inches long and ^ inch in 
diameter. The tube is cooled in water, and tlie solution 6t 
brofhine in tetrachloride (|)repared as in Halphen’s test) 
added drop by droj), with constant shaking, •until the colour 
of the bromine is permanent. More than one drop excess^ of 
the bronyne solution should be avoided. TJnl tube is corked 
and allowed to stand. •]/, after the exffiratiori of fifteen 
minutes, the s(jjut|pn is |>erfectly elenr, cacao butter *is not 
present or there is le^ than 10'j)er cent.* If th^ solution 
»howH turbidity, cacao butter is indicated, except if Gutta 
lut fat ia present when the turbidity is different and can be 
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readily distinguisfeed by a method that tlie author provides. 
It is ‘suggested that the degrees of* turbidity enable the 
modified Halphen’s test to be quantitative. 

Table LXXX . — Physical and Chemical Cmstants oj Cacao 
Butter, etc. 





CHAPTER XXX 


METHODS OF ANALYSIS: MOISTURE —MINERAL MATTER 
(SOLUBLE. INSOLUBLE. ALKALINITY OF)— (^OLD- WATER 
EXTRACT— FIBRE (CRUDE FIBRE, CELLULOSE. PENTO- 
SANS)— CACAO-RED— XANTHINE BASES (THEOBROMINE. 
OArt^^ElNE)— ORGANK^ ACIDS (TARTARIC* ACETIC, OXALIC) 

Moisture. 

The eHtimation of moisture is of only minor iin])ortance 
to the analyst, though it is desirable for the manufacturer to 
keep this value as low as possible, seeing that mouldiness and 
general deterioration of quality result from excess of moisture 
in cacao and (*o(*oa preparations. 

MeiJiod, 

From 2 to 5 grammes of the powdered sample are distri- 
l^uted evenly over the bottom of a platinum dish, previously 
* heated, cooled and weighed. The dish and its contents are 
placed in a steam-heated oven and maintained at 100° C., 
until, after frequent weighings, no further los& ^in weight 
occurs. The*loss in weight may be attributed to water, lost 
at 100° C., the quantity of theobromine and other volatile 
miftters, which escape at this temperature, , being negligible. 

It is eminently desitable that standard methods should 
be adopted for all estimations. In the case of determination 
of moisture, great variations may occur ^a6cording to the 
method adopted.^ Cflfmpbell f has shdwn some figures, 

confirming tWs, which are of interest. (See next pa^e.) 

• • • 

* R. Whymper. ** Conditions that govern Stalenees Sn Bread,'* 191$. 
t H. H. Campbell. /W. Soc. Ckem. Ind., xxxii., 69. See also An/n. dee FaUif., 
1611, !▼., il7. 
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rercentage of Moikure in Sweetened Cocoa. 


Cartldc 

method 

Vm uum 
without 

Vaeuum c 
at ttH ’. 

Alr*ov<^n 
at KMJ ('. 


Dlffercncea. 


1 

( 

11 

Ill 

IV. 

I. & II. 

I. & III 

I. A IV. 

4 29 

4 29 

r>4 

3-92 




4 :{K 

4:u 

lifts 

4-9H 

« 



i Mrupt 

4 a;i 

1 :i2 

li ftlt 

4(K) 

-f 0 91 

-1^ 0 077 

4- O lili 

i 









MetluKl IV. is that adopted, as official, in France, the 
cocoa being heated in an air-oven at 100° to 105° C. for 6 
hours. 

Mineral Matter or Ash. 

MetJiod, 

The quantity of sample, previously employed for moisture 
deUtrmination, is incinerated, firstly, over a naked gas 
flame, until the fat and other easily combustible matter is 
thoroughly charred, and, then, in a muffle furnace, until 
no further loss in weight occurs. The residue represents 
the mineral matter or ash. 

^ If no addition of fonugn mineral matter in the form of 
husk, alkali, etc., has been made, the amount of ash, found, 
is a direct indication of the quantity of cacao matter present 
in the sample. 

(a) Soluble akd Insoluble Ash. 

Method. 

About 20 to 90 CCS. of distilled water are added to the 
mineral matter in a platinum dish, and the water brought 
to the boil. The solution is then filtered through a clean 
filter-paper, and the residue thoroughly washed with small 
quantitieiT of hot water, until the filtrate amounts to about 
80 CCS. The filtrate is evaporated in a clean, weighed 
platinum dish and heated in a muffle furnace. The in- 
crease in weight will be the soluble ash. ^ 
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The ^ilter-J)ap^r and residu? are drit^l in a steam-oven 
and niQinerated in ,a second platiniiyi disli, previously 
weighed. Tiie increase in weight, *afler allowing for the 
amount of ash contahied in the tilter-piy>ef (usually about 
0*001 per cejit.), will be the pisoluble ash. ^ 

Tht^ aniouiil •of insoluble is always higher than the 
softible ash in pure cacao mass, b(‘ing usually about 06 per 
cenl. against 04 jkt c(ail. of (he total ash, resjH‘cliv(*lv. The 
roasted germ shows a higluT soluble' ash, Borda.s tinding 
57 p(*i; c(‘n1. against 10 ])er ct*nl'. of insoluble ash. This 
author givi's Hu* same figure's, n'V'ersed, for roast('d sIk'Hs, 
iiaiiH'ly, 10 p<'r (*('nt. for solubUi and 57 pt^r c(‘nt. for insoluble 
ash. 

Stfitz(*r* has shown, in a clear niama'r, liow tla* solubles 
asli is in(‘r('a>('d by the addition of alkaline^ carbonati'S to 
cocoa preparations. He has stat('d that the ash from pun* 
cocoa ])r(‘])arat ions does not elfervescc* with diluti^ mineral 
acid^, and lhal it is solubU^ in wa,t(‘r to tlje extcait of oia*- 
third of its total w<‘ight. 

Bootli t lias pointed out the inij)ort aiice of d(‘terinityng 
(lu* ratio of solubh* to total ash as (‘ontinnatory (‘vidtaya^ 
of the addition of ochre and other min<‘ral colouring inatt><*r. 
If the soluble ash is mtm^ lluin half that of tht* total, the 
addition of husk or addc'd alkali is probable. • 

• 

(b) Ash or Minkhal Matckr Insoluble in Acid. , 

• Methxxl. 

• • 

Two grammes of the sainphi aie incinerated, as j>reviously 
described, and boiled with 25 ccs. of 10 per cent, tiyflro- 
chloric dcid solution for 5^ninutes. / 

The insoluble malteV is <*ollected and estimated by 
filtering the ^iolu4ioi4 through ^a Cjooch ^^rucible,. washing 

• A. Stutzer, Zeit^h. angetc. ('hetn., 1892, .'>10. 

■f N. P. Booth, The Analyst, 1909, xxxiv., 141. 
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the residue with Jiot wattA' igniting and weighing. The 
residue, obtained in this manner, is alnjost entirely composed 
o’f sifica. The estimation, of the ash insoluble in mineral 
acids may be 6f great value, as the' figure is considerably 
higher in the husk than in the nibs of cacao. 

(c) Alkalinity of the Ash. 

« 

The official method of detmniining alkalinity of ash, 
adopted by the A.O.A.C.,* is as follows : — 

< ^ 

Metltod, 


Tlie entire ash, obtained by incinerating 2 grammes 


of the sample, is treated with (excess of 


N 

10 


hydrochloric acid 


solutior> (usually from 10 to 15 ccs.) in a platinum dish. 

Idle solution is brought to the boiling-point by heating 
the platinum dish and contents over a Bunsen dame. The 
solution is then cooled, and the excess of hydrochloric acid 


titYated with 


N 

10 


sodium hydroxide solution. 


The alkalinity 


is expressed as the number of ccs. of 


N 

10 


acid required to 


neutralise the ash, obtained from 1 gramme of the sample. 

In this w^ork, the alkalinity has been usually expressed 
as ])otassium oxide (K 20 ),d.his being the method adopted 
by modem observers. 

It is evident that the addition of alkalis, sucji as 
hydroxides and carbonates of sodium and potassium, in 
the preparation of cocoa or chocolate, will lead to the in- 
creased alkalinity of the ash, fpuad. 

Bordas has given, figures showing the increase in 
potassium, estimated as oxide (KgO), found, by the addition 


U.S. Dtpt. of 1907 . Bull. 107 . 
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of potassium carBonate or hydroxide, in certain commercial 
cocoas, examined. His results are tabijated below , 


Kind of cocoa 


(»f drvr 
As K,() 

defat it'd ooooa. 
Ah K,COa. 

Ordinary cocoaa (mean) 

• 

2- 54 

3-87 . 

Cocoa trdnited with alkuli 


4-82 

7-07 

Cocoa treated with alkali 

11. 

4-8(i 

. 712 

Cocoa treated with alkali HI. 

502 

7:30 

Cocoa treated with alkali 

IV. 

0-41 

'.(•41 

Cocha treated with alkali 

V. 

5-74 

.8-42 


Bordas has stated tliat the addition of potassiiiui salts 
renders the (ux'oas strongly alkaline, whilst ordinary cocoas 
are slightly acid in reaction. 

Farnsteiner has pointed out that, if the ash obtained 
from 100 grammes of a Ham})le of cocoa requires inore 
than 15 c(‘S. of N acid for its neutralisation, and, at the 
same time, the ash insoluble in water is more than GO per 
cent, of the total ash, the sample has heim treated with 
magnesium carbonate. The same author has stated that 
the addition of ammonium carbonate can be detected by 
heating the cocoa with water and inagneHiurn oxide in a 
flask, in the neck of which is sus})ended a piece of faintly 
red litiniLS pai)er. The ammonia, liberated by^this treat- 
ment, will turn the red litmus paper blue. .The quantity 
of ammonia, present, can be climated* by distilling int© a 

standard acid solution and by titrating tjie excess of acid 
10 ^ . 

remaining. Of this method we are extremely doubtful, 

since a large proi)ortion of the volatile alkali must have 

been driven* off by heat.dtfriijg the processes of manufacture. 

In Baker and Holton's paper, to jkvhich frequent r^erence 
has been mad^, \^ll be found a*summaris5d statement both 
on the ash soluble in water and the alkalinity of the soluble 
ash. ' We cannot but agree that “ It is unfortunate that in 
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iho lif^ures rocorciyd tor Itio eHtimation *(the latter) there 
l\as be(*i] so iiiuch. ambiguity as to the method employed, 
tlie expression of ‘alkalinity of ash ’.being often use(f\vith- 
out^ staling eitl*er#the method of estimating or whether the 
nsivh. obtaim^d is from lh(? water-solubje ash or the total 
asli.” Th(‘se authors re(*ord figures, which we have already 
giv(‘n foi‘ ‘‘ the ash soluble in water,” as varying between 
72 Mini 25 iM^r cent, of tlu^ total ash, though a tigure of 35 
]H‘r (‘(‘lit. has biHai found to be normal for both shell and 
nib of an^ a,v<‘rag<‘ cacao. The sani(‘ authors state that the 
solul)l(‘ asli of an alkalisinl cocoa is invariably well over 
50 ]K*r c(*nt., being often 00 and 70 ])er cent, of the total 
ash. 

With regard to the alkalinity of th(‘ ash, Hak^r and 
Hulton admit to the difficulty of dett'nnining whether 
alkyilisaiion has taken place by mere estimation of the 
alkalinity of the water-soluble ash, both owing to the 
dittenait nu'thods adopt ( h 1 for estimating alkalinity and 
bicause both solubk* and insoluble non-volatile alkalis, 
as ‘Well as volatil(‘ alkalis, dissipatial on th(‘ ajijdication of 
heat, may be used. It is tor this r(‘ason that we hav^^ 
colk'cted the more comparable results togetlau' in earlier 
l)ages. 

(lENERAL Method for determining Ash, etc. 

< Purvis and Hodgson* hlive given the following method 
for determining ash — its alkalinity and solubility. 

Dcierminaiwn of the Ash. 

five grammes of the sample are placed in a platinum 
dish and eareful\v ignited oyer* a Bunsen flame,' until a 
white vdKidue is obtained ; the weight of this residue multi- 
plied by 20 gives' the percentage of ash. ' 

* J. E. Purvin i«»<i T. R. Hodgson, “ Chemical Examination of Water, Sewage and 
Foods,*’ mi. 



Example.~Th% residue obtained from 5 grammes of t 
samiile of cocoa was 0-7X5 {'raining, (ben 0-775 x ^0 v= 
1-55 per coit. of asli. .. * 

Estimation of the 41halinity of the Ash. 

^ riie ash, obtaine<l a bove, is dissolved in \vii( (*r and waslied 
111(0 a b(‘aker ; a fe-w drops of inediyl orange are.added, and 

Mie cont<‘n(s of (lie beaker ar<‘ (i(ra(ed \vi(h siilplniric 

acid freni a. bur«‘t(e. nn(il a pennanent |>ink coknir is ob- 

* \T ^ 

(allied. Eacli ec. of sulidinric acid used 0-00()0 
^raiiuiK^ of alkalinit y, (*al(*uIatod as K2CK).j, 

hxamplc. Tlie asli of a cocoa reipiired l(;-5 ccs of 

1 1 • , ’10 
feiWpliunc acid (o produce a pi-rniaiK-nt pink coloin- ; ( hen 

l(;-5 X 0-0()ti!» X 20 ^ 2-28 per cen(. of alkalinity, calc,,- 
Jaiod as K^CO.^. 


Estimation of Solithle Ash. 

The residii(‘ from flie eold-waier solids is ^^eidly i^rni*|<.d 
^v.*r a Bniisen flame, and the ash weighed; (h<^ weight* is 
multiplied by 50d to frhe (be percentage; (his should not 
be l<\ss than 2 j)er eeni. 

txMnph’r—Tlw ash of a sample of cocoii, olilained as 
di'scribed, wi-iglied 0-{X)5 gramme; (hen 0-005 x oOt^-^ 
•2-^ per cent. 

J’robably, the most rei-ent important contribution to the 
detection of alkalised cocoas is tliat given by (Jie analyst. 
Rocciues,* who, after Arpin’s work already /pioted, devbled 
himself* to ascertain sijitable methods foV de(erminiiig tlie 
quantitative valuation of alkalisation. He estimuded the 
total ash, tlienish soluble and jnsoluble in water, the alku- 
liiiity of the soluble hsh, and PjjOft in the solubW ash. The 

♦^Roeques, Ann. ^ FaUif.. January, February, 1917, xeix., c. 14. 
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following is the method that he suggested should be official : — 
Fijst estimate the percentage of \vater {H) and fatty matter 

I f)00 ^ 

(G) in the sample, then, by taking - w grammes 

lUU — [rl -f" Crj 

of the sample, an amount equal to 5 grammes of dry, defatted 
cocoa is used. The sample is incinerated ‘at red heat in a 
platinum capsule, and, when free from carbon, the ash is 
moistened with a little water and a trace of pure ammonium 
carbonate and evaporated. The dish is again brought to a 
red heat for a short time, cooled and weighed. The weight 
of ash, obtained, multi])lied by 20 gives total ash per cent, 
of dry, defatted cocoa. 

Tlie soluble ash is estimated by treating the total ash 
with a little boiling water and by stirring for a few minutes. 
The liquid is decanted through a filter into a 200 ccs. flask, 
and the ash, in the dish, treated again with boiling water 5 or 
6 times. The filter-])aper and (contents are washed and 
replaced in th<^ capsule, calcined to redness and weighed 
for the insoluble ash. The difference, between the total 
and insoluble ash, is soluble ash. The flask, containing the 
filtrate of the washings, is cooled, a drop of tropeoline solu- 

N 

tion added, and the whole titrated with sulphuric acid. 

2 


The number of ccs.. of acid, used to neutralise the solution, 
multiplied by 0*69 ^ives the alkalinity per cent', of the dry, 
defatted cocoa, expressed a'?? K2CO3. This alkalinity, in 
the presence of tropeoline, corresponds to COg + i P2O5, 
and, in order to estimate the alkalinity corresponding to 


COj -alone, an excess of about 5 ccs. of 


N 

2 


acid are added to 


make a total volume of 10, 15 01 20 ccs. The solution is 
heated tcf boiling for 10. minutes, cooled and titrated with 

^ caustic soda solution in the presence of phenolphthalein. 
2 


The acid and alkaline solutions must be very carefully 
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adjusted, 
added^ and 


N 

Then, if N = number of ccs. of ^ sulphuric acid, 

• • . • N * ** ’ 

n — the niwnber of ecs. of ^ cayslic soda, used, 


fcho alkalinity as K2CO3 ^yill b(^ (iV — n) X 0-G9. The 
amount of p2^5 estimated in the same solution by addling 
a tface of pure ammonium chloride and, then, in succession, 
20 CCS. of ammonium citrate, 50 c(*s. of ammonia* and 10 ccs. 
of a magnesia solution. The weight of magnesium phos- 
phate yiultiplied by 12-8 gives P2()5 per cent, of dry, defatted 
cocoa. « * 

A series of graphs are shown in liocqiies’ ])a})er, and, whilst 
the ratio, insolubh* ash : soluble ash, is in the neighbourhood 
of 2 Sor })ure cocoa, it becomes 1 and lower for alkulised 
cocoas. 

In order to determine the })roport ion of alkali, added to 
cocoa, it is necessary to establish the limits within which ^uire 
cocoas vary, a!id the author recommended that those to 
whom pure cocoas are readily available should establish 
these points. 


• Cold Water Extract: Cacao Matter Soluble and* 
Insoluble in Cold Water. 

The amount of matter soluble in cold waternjy according 
to Booth, about 24 ])er cent, of the fat-free •nib, Bordas, 
however, gives 9-67 per cent, for the same estimation. • 

** • We have obtained figures ranging from 9 })er cent, to 
12*^ per cent, for the whole nib, results wKich are in accord- 
ance with those obtained by the first author. 

The addition of sugar, alkaline salts, ek*., will consider-* 
ably afifectf this value> ^Tfyis, in chocolate, the cold-water 
extract may rise to 70 per cent. . • 

Bordas has ra&de*U8e of ihe<natter insoluble in cold water 
for estimating the amount of defatting that a cocoa has 
under^ne. Booth, on the other hand, has used the cold- 
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water extract for •(estimating the amouiif of cacao matter 
])res(ait. in a sam})l<i, on tlm assiniij)tioM that cocoa nibs con- 
tain 12 ]Ker c(ent. of sol ubW extractive. 

•• 

• Method. 

A simple method for the (‘stimation' pf the cold-water 
(‘xtraci is as follows : — ' 

Two grirtmiHes of th(esam])le are ])la(*ed*'in a 100 cc. flask 
and shaken with 50 to 00 ccs. of water. The solution is then 
ma(h‘ up to 100 (*('s. and left standing overnight. Twenty- 
live C('S. ohthis solution an* tilt(*red oft, evaporated, dried and 
W(*ighed. 

More ra])id and consist <‘nt results will b(‘ obtain(*d if tlu* 
material is defat t(‘d befon* (*xtracting. , 

Ihirvis and Hodgson's nH*thod is slightly different : — 

Thoroughly mix o grammes oi the cocoa with wat(*r in a 
glass mortar: wash the mixture into a 250 cc. flask, and 
mak<^ up to tlaMiiark ; the mixture is allowed to stand for 
tw(‘nty-four hours with intermit ti*nt shaking, and it is then 
lilt(‘red ; 10 ccs. of tin* tiltrate are evaporated to diyiu^ss in a 
weiglu‘d, glass dish on tlu* water-bath, dried in the water-oven 
and weighed ; tlu* weight of the residue, obtained, niultiplied- 
by 500 gives the percei.tagc^ of the water-extract. Should 
this perc(*ntap‘ exc(‘ed IH, th(*n added sugar is })resent. 

EsampUs. T\w 'dry residue of a sam])l(j of cocoa, 
obtained as abov<*, was 0*024 gramme ; then 0*024 X 500 == 
12 per i‘ent. of water-(*xlract. The samj)le, therefore, does., 
not contain added sugar. Another sample of a residue 8f . 
0*0G() gramme ; then 0*000 X 500 ™ B3 })er (*ent. of wafer- 
(‘xtract ; the sample contains sugar. 

• Fibre. * • 

* < 

The Aet#rminatiou of ,t\bre,' though simple in itself, is not 
rt^adily interpreted'. 

Firstly, tlie complex nature of fibre makes it difficult to 
say what is precisely obtained by any given treatment, and, 
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Becondly, the word*** libre ” conveys 1o thomiind the cellulose 

tissue of j)laiit life, wliilsi it is nol ct‘lliiloj^^, alone, wliich has 
bwn <^firnated wlieii the value foV hbre is ^iveu. 

From the most recent researches, it h^s iTeen shown that 
the cell-walls of })lajil life an* composed, for tlu‘ most })ar^, of 
(‘om}K)Uiids i)f suf?ars (of the hexoses and pentos(‘s). Th<* 
outer cellular stru(;tiin‘ of si*eds contains cellulose and tlH‘S(‘ 
sam(‘ su^ar com]K)unds, inttaanineled willi various organic 
bodies, colouring matters, tannin, i‘tc. 

Thi* estimation of (*rude tibns theiefoiv, may h(‘ th<‘ 
f‘stitnation of (a^Ilulose, or a mixture of ('(‘llul(>s(‘ and other 
bodies, according to tin* treat nuMit to which the jnat<‘rial is 
suh]<‘ct(‘(l. 

Th?‘ amount of cnuh^ libn‘, found, is gnwittu’ in the outer 
s1h‘11s oi’ husks than in th(‘ kernel oi’ nibs of cacao, and. 
whether it is tin* dir<‘ct <‘stimation of th<* “ ('rud(‘ liiai* ” of 
Filsing<*r, the det(‘rminat ion of tJa^ (-(‘Ilulose of Wt‘end<'r, or 
the indiriH't estimation of fibre by d<‘t<*rminat ion of thti 
])enlosan-content of the cacao, as carrital out, by TolUais arid 
his ])upils, or by Kcinig, the values, obt ained, an^ aii indicat i.on 
of t he<‘xl(ajt of adulteration of cocoa pr(‘pa rat ions wit h lius^v, 

• so long as tin* exj)erim(*n1<a’ works always with th<^ sana* 
method, standaidlsed l)y himself against ])Ui<‘ ljusk and 
cacao riiass and known mixtur(‘s of the t\vo. V^urjous other 
methods and*their interpretations have be<*n lyft for a latc^r 
cha])t(‘r. 

(a) CuroK Fihkk. 

• Metlvod 1. 

Weeiider’s process, modified by Konig, foi* est imating 1h<^ • 
amount of crtide fibre (cd-ii^il^y^is cellulose) wnsists in treating 
8 prammes of the defatted sam])le with 200 ccs. of g^yc<?rol 
(8.G. 1*28), containing 4 grammts of con cx^'it rated sulphuric 
acid, under a f)ressure of 3 atmos])hereH for one hour. The 
solution js then filtered, wliilst hot, tlirough an asbosios filt/or, 
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washed successively with hot water, alcoKol and ether, and 
the residue dried and weighed. 

The residue is then in^*inerated, ^an'd the ash Wefghed. 
The difference Between the two weighings gives the amount 
of a^-free crude fibre present in the sample. 

f 

Method 11. 

An alternative method for the estimation of crude fibre 
is as follows : — 

Two grammes of ihe sample are freed from fat by extrac- 
tion with ether, and the residue boiled for half'an-hour under 
a reflux condenser with 200 ccs. of water and 2-5 ccs. of 
sul])huric acid. The lirpiid is filtered through linen, and the 
residue, after filtration, is thoroughly washed with hot* water 
and, subsequently, boiled with 200 ccs. of 1*25 per cent, 
caustic soda solution. The residue, undissolved, is filtered 
off, washed successively with hot water, alcohol and ether, * 
dried at. 100° C. and weighed. 

In cocoa free from husk, the value for crude fibre, obtained 
in this manner, will amount to 2 per cent, or 3 per cent., but 
w^l exceed this limit in pioportion to the amount of husk 
present. ' . 

Method III. — Direct Estimation oj Husk. 

As the determination of crude fibre is practically a ' 
measure of t he amo'ant of hik4 jiresent in a cocoa, Goske’s 
method of direct estimation of Imsk, based upon the differ** 
ence between the, specific graiuty of cocoa husk and that of^ 
ordinary cocoa powder, should be mentioned here. 

. Dubois and Lott f have recently studied this method and 
state it to be of oljly approximate acjcuracy, , * 

Goske iecommeiids that 1 grariirne of dry fat-free cocoa 

be mixed with a calcium chlqride solution (of Specific gravity 
* « 

• A. Oiiake, Ztilttch. Nahr. OenvMm., 1910, xix,, IM. 
t Duboi* ftod Lott, Jour. Ind. Ehq. Chem.. 1911, iii., 251. ^ 
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= 1*635 at 30° C., |)repared by dissolving 407*1 grainines of 
calcium chloride in 100 ecs. of water), in 4 stoppered tube. 

AftBi' thorough j?h^ing, the* stopper of the tub*e is 
removed, and the whole boiled for (wo ,mf5iuies. While 
still hot, the tube ij submitted to centrifugal action for^six 
minutes. Tlie top licpiid portion is ])oured off, and the 
sediment collecfed^on a weighed tiller-paper, washed well 
with hot water, until (he liltrak^ is free from chlorine, dried 
and weighed. 

On the assumplion that cacao husk yields 38-7 ceni . 
of dried sedimdiit, this being the maximum tigure tound for 
husk, and that commercial cocoa ])owders yit*ld 0 j)er cent., 
the percenlage of added husk in a cocoa })Owder can be 
readily* calculated. Allowance must b(» made for (he fat 
removed. 

An example given is that of a sample of cocoa, 1 gramme 
of which gave 0*0618 gramme. of sediment. Using the figure 
38*7, this amount is equivalent to 0*16 gramme of husk. The 
cocoa powder contained 18*4 per cent . of fa( , hence an amount 
equivalent to 13 per cent, of husk was originally present. 
Allowing for the 6 per cent, contained by normal cocoa 
• powders, the sample contained 7 per cent, of added husk. 

It is a mistaketi notion to imagine that any great degree 
of accuracy in the estimation of husk pi:;psent in cocoas can 
*be obtained ’by the “ levigatiori ” method,, or by that 
elaborated, from Pilsinger’s * original method, by Mac^ara a»d 
TSl^ers, so long as the experiments are made on cocoa powders 
*that^have been reduced to an extremely fine**state of division. 
Baker and Hulton must have realised this ; indeed, they 
admit to the weakness of the method, yet these two authors • 
seem inclined to put naoi^ faith in “ levigation ” than in 
analytical methods, such as estimation of crude fibre and 
pentosans, either df which is a better indication of the amount 
of, and contamination with, husk, especially when taken in 

* FUflinger, Zeitsch, Ckem.^ 1999. 29. 
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conjunction with *the figures obtained for the ash and the 
ajkalinily-of tlie asji. ,1( is a pii^^’ 

Hulton, having the excelleftt opiiortuuity of impressing upon 
liuf aii1horili(^s* tlw* desirability of a standard method for 
estiyiatiiig liusk in cocoas, did not take, greater advantage 
of tlieir |)Osition and, at any rate, compleVe the. comparison 
bet \v(‘en tlip amount of liusk, calculated fvmi the crude fibre 
estimation and that calculated by the “ levigation ” method, 
and the <‘stimalion of nitrogen. W(' have occasion to refer 
to these , results in a later chapter. The “ levig^ition ” 
method adopted by I5ak(*r and Tlulton is as fiillows 

“ Tell grammes of the liiK'ly ground material to bo 
analysed are extracted for twenty hours with ethyl ether in a 
Soxhiet apparatus. The extraelisl mass is exposed 'to the 
air to remove adlaaing ellier. dried in the water-oven, well 
ground fn a tnorlar. then stirred into a- thin jiaste with watei 
and transferred with washing t'o a 500 cc. cylinder. The 
volume in the cyliiaha- is made up to 400 ccs., the whole 
inverted a few times to ensure admixture, and an arrange- 
ment inserted into the ms'k lor blowing oft the supcinatant 
ligiiid. The leading IuIm- should be turned up at the lower 
end to a\oid any disturbance of the sedimept. The contents 
of the cylinder are allowed to stand 'for fiffmt minutes, and 
t 1 h' liipiid l^lftwn off.. The volume is again made uj) to 400 ccs. 
with water, and the jirocediire abovi' described rb])eat.ed after 
t(>H minutes and again after two periods of five minutes^ 
stand. Should the ri'sidue in the cylinder show the presence 
of uuudi starch ii should bt' finely ground in a mortar ^ind 
again submitted to levigation. The residual sediment is 
■transferred to a-i>latinum basin, the water removed by eva- 
jioration. and the residue drjei.l' ^iu the vvatOi-oven and 
weighed. Tlie asli obtained from this residue is then 
deducted. We hflve adopte-.l the figures ‘‘for the .sediment 
obtained from liib and shell as found Viy Bolton and Revis 
(loc. ci(.)— namely, 3 i*er cent, tor dry fat-free nib and 
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30 per cent, for'dr}^ f.it-free *sJieIl. j)erceMta{ 4 e of 

shell in tho original »sampfe may be cy-leiilated from the 
formuicf : — • , * • * 

Q == f ^ Q V II') 

' V100-.(F+ \V)J '* ^ 27 “ ’ . 

wljoretS .])er(*ofilag(‘ of sliell on sani|)](s 

M ^ percent ag(‘ of ash-friH‘ k'vigation sodinu^nf on 
sanijile, 

F ™ ]K‘iveiihigi‘ of fa< on sanipU‘. 

iV-~ poreontagi* of \va1(*r on sample.” 

« 

(h) CKLLrnosK. 

Tlj(‘ inetliod of ihslinialing e(‘lliilos<^ is jaaet ieally tli(‘ sariKi 
as tbai foj* enuU' fibre. Tlje aniounl of (-(‘llulosi', found, nuisf 
dejiend u])on flie s<‘verily of fla* tn'atiiHud, and it is foi' this 
reason that so man}^ variations in liguns, given by difb^naif 
exiierimenters, are to be observed. 

MefJuxl L 

Fi’oin 1 to 5 grainnies of saiiiple are boiled witti a, dilute 
inineral aeid, in^ order to r<‘nd<*r tlu^ stareli eoinj)](*tely 
soluble. The solution fs liltered, aiuf the ix*sidu(* thoroughly 
washed with hot wat<*r and. subsecpaaitly, wfwined with a 
1 per cent . solution of soda. The solution is filtiwd, and the 
residue washed successively \vith water^ and alcohol, dwiid 
’^^100° C. and weighed. The weiglit, found, after a deduc- 
tion has bcHui made* for any mineral matfer.'which the residue 
might coiitain, *may be considered to be (cellulose and is a 
fairly constant quantit}^ amounting to.ab(;ut, per* 
100 parts of })ure cacaq mass, or 14*9 for/100 ])arts of cocoa 
matter insoluble in water. 

Any addilloij* of# husk, gejm or cacao waste tends to 
increase the cellulos^- and to decrease the starcA-content of 
the cocoa. 
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Method 11. 

To obtain trueo celjulose, the following process of Konig 
is reconmiondetl : — ' » 

To determine ^cellulose, lignin and cutin in crude fibre, 

Kopig * digests the fibre in the cold with hydrogen peroxide 

in presence of ammonium hydroxide, the treatment being 

continued for a long time with successive additions of 

hydrogen peroxide, until the residue is colourless. This 

treatment oxidises the lignin and converts it into soluble 

producrs. The residue, consisting of cellulose and c?utin, is 

treat(al with cuprammoiiium solution, to dissolve thecellulose, 

tlie cutin remaining unattacked. Tlie liquid is filtered on a 

Gooch asbestos filter, and the cutin residue weighed ; the 

cellulose is jirecipitatiid by alcohol and weighed, and the 

weight, of crude fibre, less the weight of these two, is taken as 

lignin. ‘ 

^ < 

(r) Pentosans. 

As aln^ady described in a previous chapter, the fibrous 
material, comprising the cell- walls of plants, is composed 
chu'rty of anhydrides of pentoses or sugars containing C;,. 
These anhydrides are called pentosans and yield, oli 
hydrolysis, a pentose sugar xylose, arabinbse, etc. 

The quantitative determination of xylose and arabinose, 
respectivt^y, is coifiparatively simple, but, in the vegetable 
kingdom, these sugars are in p condensed form and associated 
with hexoses and other sugars which complicate their direet 
determination. . 

It becomes necc<ssary, therefore, to determine the jien- 
^ tos^ms, present, by the indirect methods of estimating the 
products which ace formed from, them by cheipica*! action, 
and whicl^are characteristic of'^the pentosans and not of the 
other sugars with^which*they may be a^soffiakd. 

Tollena and his pupils fiave been* largely instrumental 


K5nig. Ztitsch, Nahr. Oenusm^t 1900, xiL, 385 — 395. 
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in perfecting professes Dy wntch the j^ntosans may be 
estimated, and which rest mainly on the quantitative 
determination of furfurol,*a deci)m}it>sition product Much 
is formed by heating l^e ))entoHes witli dilute hydrochloric 
acid. The chemical explanation, wliich is really merely 
one of abstractiomdf water, is explained by the eciuation : — 

• -- >3H,0+C,H;02. 

Metlml L 

Th^s method, which has be^ai used with success by 
Hehner and Skertchley,* Adan,f and others, and*suggested 
by Tollens in conjunction with (Junther and de Chalmont, 
has been shown to have an efficiency of from 99*1 per cent, 
to 101*1 per cent, over a range of experiments, carried out 
by Adan. 

Three to 4 grammes of the sample are placed irmi Wurt/i 
flask, of 250 ccs. capacity, with 100 ccs. of dilute hydro- 
chloric acid of 1*00 specific gravity (equivalent to 12 per 
cent. HCl). The contents are then distilled, until 80 ccs. 
have passed over, when 80 ccs. of dilute acid are let in to 
the flask, to take the place of that portion ^which has distilled 
over. This process is continued, until about 800 ccs. of dis- 
tillate have been Collected. As the distillation proceeds, the 
furfurol can be detected by allowing a drop of jLhe distillate 
• to fall on a ^Iter-paper, which is then tested with a drop of 
dilute aniline acetate solution, containing a small proportjon 
%of sodium acetate. When a pink coloration is no longer 
produced, the distillation is stppped. 

d^he distillate is made up to 400 ccs. with dilute hydro- 
cliloric acid (specific gravity 1*06). This solution is then, 
slowly €ieu|ralised with ^ry and finely^* powdered sodium 
carbonate and faintly cfcidffied with acetic acid;, 10 ccs. 
or more, if required, of an acetic .acid solution of 

♦ O. Hehner and P. Skertchley, The Analffet^ 1899. xxiv., 178. 
t R. Ad*n, BuU. Hoc. Ckim. Belg 1907. xxi.. 211, 
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phenylliydraziiie /^12 drops^ of phenylhydraziiie to 7-5 cch. 
of Htrorifj^ acotic* ac*;d) are added, and tJiie solution constantly 
stirred. ' ’ ' ^ ' 

The volume ij^ then increased to 500 ccs. witli constant 
stirrin^^ for lialf-an-liour. Tjie ])recipitate is collected on 
ail asbestos hlt(*r, washed thoroughly 'and rjuickly witli 
wa(t‘r and druid in a current of warm air (50'' to 60'' 'C.), 
under slightly r(‘duced jiressure. 

TIhi weigld of ])reci])itate niultij)li<Hl by 0*516 will give 
llu' Wi'ight of precipitated or distilled fiirfurol. , 

An <‘rror of about 0*25 jht c(‘nt. may occm, if the amount 
of furfurol, nanainiiig in the solution and wasliings, has not 
he(‘n included. 

Method IL 

This method, suggested by Councler, has bi'cn us<'d by 
KTinig with success and is similar in operation to Method L 
up to th<* (*nd of the distillation of the furfurol. 

Th<‘ 400 CCS. of acid distillate are treated wit h a solut ion 
of.pur<‘ phloroglueinol in dilute hydrochloric acid, and the 
ini\tur<‘ allowed to stand overnight. The })recipitate is 
t he'll collected on an asbestos filter, thoroughly washed 
and then dried just below 100° C.’for siwral hours, till no 
further loss in weight occurs. 

An efficiency of 09*5 per cent, to 101*2 per cent, was 
obtained, by this diet hod, by Adam 

From Tolhais’ data, the amount of furfurol can be calcit- 
latini aftt'r the hdlowing corrections have bwn made : — 
Om^ gramme furfurol produces 1*82 grammes })hloro- 
gluchde for 0*1 gramme precipitated furfurol. 

One gramme hirfurol produces 1*92 granmies' phloro- 
glu(*ide feff 0*2 gramme preeijutated furfurol. 

One gramme furfurol produces l*93*gi*'dmmes pliloro- 
glucido for 0*3 — 0*5 gramme precijiitated furfurol, and, hy 
interpolation, the int-ermediate figures can be calculated. 
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From the furfiirol, so foiiiidt^i value OJ01O4 is snbiraoted, 
and the remainder multi})lied by 1’88, or ijs correction, will 
give the equivalent i>t‘ penfosan. , • * • * 

The [)ercentage ol‘* jnaitosan can thus U* readily calcu- 
lated. * 

As has a-lrea(Ly been slated, tla^ nvsulls of this nu^hod 
sh#w a satisfactory etliciency, when |>ur<‘ furfnrol has been 
used for test j)ur|)oses, and it was ivconnnended by tla^ ('Oni- 
mittee of the International Congress of Applied Clieniisliy 
(1009)^ as an (excellent criterion of the ]mrity of cocoa 
powders willia-egard to their freedom from husk.* 

Cacao-Red. 

pigment of cacao is an oxidation })roduct of tannin 
and is not apj)a,rent in th<* fresh beans. 

By the action of light a.nd air, the cacao-red is dyvt‘lo])cd 
in mucli tlie same way as the colouring malitu’ of lheM)ak 
and kola nut. Tlie original pigment comj)ounds havi^ b<H‘n 
sljown to decrease during fermentation {vide Chaj)ter IX., 
Table XIV.), as also have (he astringent matters. 

Schweitzer* has shown that, a glucl)sid(% cacaoniii, is 
decomposed by a diastatic ferment , with the production *of 
sugar and cacaoj-red, oxidation of th<^ seed. The 

])iginent, obtained in this way, is of a ('ornplex nature and 
consists of tannin and resin, besides the red-brf)wn amor- 
phous colouring matter to which the name of “*phlobap}jene” 
^las been given. 

• The pure cacao-red is only of scientific interest, and 
the* estimation ©f tlie colouring matter of cacao is seldom 
required, « 

It sj^ould be mentioned, here, that Ulrvdi* f has devised a 
method for estimating U>e ampunt of added husk toj’ocoas, 
based on the s^at^ment that cacao -ted is to be found in the 

* C. ScbweTtzer, Pharm. 1898, .%9. 
t C- Ulrich, Arch. Pharm.^ 1911, ccxlix., 324. 
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nibs and not in the husk of aacao. This pjrocess is discussed 
in a later chapter. (Chapter XXXII.) 

* I 

Method. 

From 2 to 3 famines of fat-free cocoa are made into 
a paSte with hydrochloric acid and exhausted with 100 ccs. 
of absolute alcohol in a Soxhlet tube. The Hydrochloric 
acid is fixed by placing in the flask, below,* some silver oxide, 
so that any acid, extracted with the alcohol, is converted into 
insoluble silver chloride. 

The alcoholic liquid, after cooling and filtration, is 
treated with alcoholic lead acetate solution, when a purple- 
black precipitate is formed. 

The precipitate is collected on a filter-paper, \\jashed 
well with hot water and transferred to a small flask with 
a small quantity of 70 j)er cent, alcohol. 

The lead salt in snsjamsion is then decomposed by 
sulphuretted hydrogen, the solution warmed, to get rid of 
the sulphuretted hydrogen, and then filtered. The lead 
sulphide will remain as residue, whilst an alcoholic solution 
of cacao-red passes through as filtrat.e. Prom the alcoholic 
solution, the pigment can be obtain<‘d as a solid by evapora* 
tion and, after drying, ‘weighed. . * 

An alcoholic solution of cacao-red, when viewed through 
a spectroscope, gives a diffuse band in the green, allowing 
the red, blue, and most of the yellow rays to be transmitted.* 

4 * *' 

Xanthine Bases (Theobromine and Caffeine). 

The determinations of the alkaloids of cacao are of 
importance, principally due to the fact that cocoa prepara- 
tions owe tTieir stimulating property to their presenpe. 

The methods, recommencled for* the estimation of the 
alkaloids, are numerous, but, unfortunat^el 34 , they do not 
give consistent results. ‘ 

* Blyth, ** Foods, tb«r Composition and Analysis,’* 1909, 369. 
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The majority* of the methods, suggpstedj are untrust- * 
worthy, especially those which rely uppn.the estimation of 
theobromine by suhliinatibn. The fnosfc systematic Results 
have been obtained iy employing the methods described 
by Kunze* and Dekker,f a modified combination of the 
two methods b^irig made a provisional standard by the 
A.O.A.C. ’ 

Method 1, {Kiinze's Method), 

Ten grammes of the sample are boiled for 20 minutes 
with 100 CCS* of 5 per cent, sulphuric acid. The solution 
is filtered, and the residue thoroughly washed with boiling 
water. 

The warm filtrate is ])recipitated with excess of phospho- 
inolybdic acid, and, after 24 hours' standing, the preci])itate 
is collected on a lilter-])aper and washed with aboyt 1 litre 
of 5 per cent, sulphuric acid. • 

The filter, containing the moist precipitate, is transferred 
to a large dish and treated with excess of cold baryta, after 
which carbon dioxide is passed in, to precipitate the barium 
hydroxide. The whole is then dried on a water-bath ‘and 
•extracted with chloroform. The chloroform is distilled ‘off 
from the clear Altered extract, when a perfectly white 
deposit of the two alkaloids, theobromine and caffeine, is left. 

The whjte residue is weighed, dii^olved iA ammonia 
and heated to boiling-point.^ Excess* of silver nitrate is 
i^Jihen added {11-3 parts of silver to 1 part of theobromme), 
afid the boiling continued, until no further^immonia escapes 
and until the liquid is* reduced to a few cubic centimetres. 

An insoluble substitution product of theobromine 
(C^H^AgN^O^) is obtained, while the caffeine i'emains, un- 
combined, in solution/ •I'hJs .insoluble precipitate is filt,ered 

off, washed a«d, weighed. The silver is. estimated in the 
« • ' , * 

* W. £L Ktmse, ZeiUeh. anal. Chtm., 1894. xxxiii., 1. 
t J. Dekker. Rec. Trav. 1903, xjdi.. 143. 
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dried, theobromine-silver c^fnpound by •ignition, or by 
dissolving in nitric acid and ))recipitating as chloride. 

* By either of these fneai?s, th€f quantrity of theobromine, 
in combination <Avith the silver, and Originally present, can 
be reiidily determined. The difference between the weight 
of t heobromiiHs found, and the total alka‘l(i‘ids will give the 
amount of caffeine, present. • 

MeihodlL {Dekl(er's Mciliod), - 

This proca^ss, which has greater brevity in its favour, 
is ca])abl(^ (d‘ giving very accurate results. 

Ten graiimu^s of the powd(a*ed sam])le are heated with 
5 grammes of magnesium oxide and 300 ccs. of water in a 
r(‘tlux condens<‘r for 1 hour. After filtering and dniining 
on a ])unip, the residue is again boiled with water for 15 
minut(‘S '".ind drained. The mixed solutions are eva])orated 
to ((ryness, and the resulting residue triturated with line 
sand and boiled with 100 ccs. of chloroform. Tlie clear 
chloi'oform solution is now filtered and eva])orated to 
dryness, and the white residm*, consisting of theobromine 
and cafhane, weighed. 

If it is desired to (‘stimate the two alkaloids separately^ 
the dritnl residue is treated with o’O ccs.mf benzol for 24 
hours, by which means the caffeine is dissolved. The 
solution is evaporated to a volume of 25 ccs. »and filtered. 
Tlie residue, consist tug of theobromine, is dried and weighed. 

By this process, Dekker obtained results varying front 
l-bt) per cent, to .1-73 ^wr cent, of mixed alkaloids in cocoa. 

Welmans * has obtained satisfactory results by a slight 
‘modification of Dekker s method, and Frommet has verified 
(he accuracy of the process. KatzJ has also experimented 
wii-h the rfiethod and haf; obtained '’consistent results. 

1‘. Wel-nans, Pharm. Sueit, 1902, xlvji., 868. 
t J. Fromrae, Apoth, Zeit., 1904, xviii., 68. 

X Kate, Vhem. Zcil., 1903, xxvii., 968. 
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Maupy,* by a slightly different process, obtained results 
agreeing with Dekker’s figures, naii^elf^ per eent.^to 1*0 
per dent, of niixe(f ijlkaloids ii/ roasted nibs, and 0*54 \m' 
cent, in chocolate containing GO per c(‘ni. of sugar. 

Kreutz,f by f^et another nietliod, has suc(‘(H‘tW<l in 
obtaining vonsisfent results, thougli, in all cases, his ligures 
are somewhat higlier than thos(‘ obtained by Jvunz(*’s and 
Dekker’s methods. Kreutz finds total alkaloids from 
1*99 per cen*t. to 8*85 per (aait. in the nibs, l*9‘.t per cent, to 
2*28 per cent, in Van Houten’s cocoa, and 2-()8 jier ciait. to 
2-92 per cent" in Sucliard’s cocoa. 

The reason for the inconsist <‘ncy among thi' n‘sult.s, 
obtained, is owing largidy to tin' fact (had a. portion of the 
theobromine is combined as a glucosidii and is not sid fn^e 
without treatment with an aidd or other hydrolysing aginit. 
Kreutz found that only lialf of th(‘ total tllt'obVornyie is 
irnmediat-id}^ capable of extraction by (diloroform, tlie 
remainder becoming soluble only aft er t la^ glucosidi* has b<Kui 
hydrolysed. 

There are a number of other results and nadhods .that 
should be recorded. Prochnow,J by his own nadhpd, 
obtained 0*578 ,to 1*880 of mixed^ alkaloids per cent, in 
roasted cacao hdsks ; 1*460 to 1*812 pi^r cent, in unroastod 
nibs and 1*586 to 1*880 per cent, in ro^isted nib^s, thus con- 
firming KnJii)})’s findings of a slight increases, aft (‘r roasting. 
Camilla and PertusivS found* traces ol’ xantliine bas(* in 
*c^cao butter, by taking advantage of the ease with which 
thyse bases are oxidised to carbylamine, a n^adily identified 
substance, owing to its characteristic smell. Their method 
for estimation of the bases is somewhat sfimilar to that, of 
Prochilow^nd is briefly^ ns follows : — •* 

Ten grammes of materiaf are toiled for thirty ‘minutes 

* L. Maupy, Jout*Pha^i. Chim., 189ii. v., 329. * 

t A. Kreutz, ZeiUtch. N%hr. Oenus«m,t 1908, xvi., 579. * 

;{: A. Prochnow, Arch. Pharm., 1909, ccxivii., 698. 

I S. ^miHa A C. Pertusi, Ann. Lc^. Chim, Cent, dellc Oabellif 1012, vi.. Oil. 
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with 150 CCS. of w4ter and 50 ccs. N sulphuric acid. The 
liquid ;s then diluted 10^500 ccs., heated on a water-bath and 
filtered hot. The filtrate is cooled, and 250 ccs. of it neu- 
tralised with magnesium oxide, evaporated to about 80 ccs. 
and t^xtracted in a special Boxhlet extractor, or by shaking 
in a separating-funnel with three times its volum3 of carbon 
tetrachloride. This solvent removes the caffeine, but a small 
quantity of the theobromine will remain in the aqueous 
layer. The carbon tetrachloride is evaporated to dryness 
after the a,fldition of a little paraffin wax, and the residue 
washed repeatedly with small quantities of boiling water, 
sliglitly acidified with suljdiuric acid. Tlie filtered aqueous 
extracts are added to the original layer, and the whole mixed 
with 5 grammes of magnesium oxide and evaporated to 
dryness. The residue is powdered and extracted, four or five 
timej, wftJi s^uccessive portions (100 ccs.) of boiling chloro- 
form for ten minutes each time. The mixed alkaloids should 
be perfectly white on evaporation of the chloroform, but, 
if further purification is required, an aqueous solution is 
made, treated with 1 per cent, solution of cold potassium 
permanganate and again extracted with chloroform. 

Another similar method has been described by Savini.* 

Organic Acids (Acetic, Tartaric, and Oxalic Acids). 

Schweitzer f has pointed out that the plant ‘acids, malic 
and tartaric acids, occurring iit cacao, are due to the decompo- 
sition of the glucoside cacaonin, which, under the action of a" 
ferment, breaks up into sugar, malic and tartaric acids. 

On referring to Chapter IX., Table XIV.’, it will be seen 
<.hat^a loss of both free and combined tartaric acid occurs 
and that an increase in free acetic acid is noted during the 
processed of fermentation and curing of the beans. 

Pre^essor Harrison, who conducted the latter research, 

• G. Savini, ^»n. Ckim, Af/plk.^ 1916, Vi., 247. 
t 0. SchwftitOEer, PAam. Ze»<., 1898, 390. 



603 


METHOD^ OF AN^YSIS ACWh 

has systematicalI5^ studied the cheinistr}* of cacao from the 
fresh beans through the various operation!? 5vhich rendej thejn 
fit forfhe market, dncj his resulfs are not only rational but 
consistent over a number of ext>erimeiits. • if is to be doubted 
whether Schweitze;^’ has fully .proved the accuracy of his sitate- 
ment,or if .the pfoduction of tartaric acid, by the hydrolysis 
of\he glucosjde, i^ sufficiently large to be taken ipto account. 

The increase in acetic acid during fermentation is incon- 
testable, due to the fact that, the alcohol, formed during the 
first i^eriod, is converted by Mycoderma aceti into |icetic acid, 
which can be*detected in the cured commercial beans by the 
vinegar-like smell, as well as by cJitunical analysis. 

The determinations of tartaric and acetic iK*ids are not 
of commercial im})ortance, and the total acidity of an 
aqueous extract of cacao nibs, estimated in terms of KgO, 
seldom exceeds 0*75 per cent. * * , 

Tartaric Acid (Weiomann’h Method). 

From 5 to 10 grammes of the sample are treated with 
50 CCS. of water and thoroughly shaken. The aqueom 
extract is neutralised with ammonia and treated wjth 
, ‘calcium chloride solution. The precipitate is filtered and 
dissolved in hydK)chloric acid and, tlien, reprecipitated with 
caustic soda solution. , • ^ 

* By this method, Leffman and Beam found from 4*34 f>ei 
cent, to 5*82 per cent, of tartaric acid to* be present in ca«ao. 
^■QJ^ese we r*onsider to be very high figures, for the total 

tartaric acid found by us ha» not exceeded 1 per cent. 

• • • 

pXALic Acid. 

Th<f older experimenters on cacao dgT'not include oxalic 
acid among the constituents, •though the presence of oxalic 
acid in vegeitfble niatters ha% been reco^ised for a con- 
siderable time. • 


Leffmiui Mid Beam, “ Food Analyxis,'' IWl, 275 — 282. 
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Gautic?r Kas given valuen of 0*875 per cent, oxalic acid 
in black tcji, 0*0!li^ier cent, in coffeer, and 0*247 per cent, 
in Htick rhubarb. Tiie san'ie aiitlior has found 0*45 pdr cent, 
of oxalic acid in CQCoa ]) 0 \vder. 

4 certain amount of interest is attacjied to the estima- 
tion of oxalic acid, in that Albahary * has fhund tliat the acid 
is ])r('sent niainly as insohible (*alcium oy:alate in ordinary 
cocoa. ])Owder, whilst treatment witli alkali, in the preparation 
of “ solubh^ ” cocoa })Owder, brings about the decomposition 
of thi^ calcium oxalate with the production of soluble avkaline 
oxalat(^s. 

In two samples of co(*oa powdt^r, marked N and P, respec- 
tively, th(‘ foruKT trealed with alkali and the latter an 
ordinary co(*oa, ])owder, Albahary obtained 0*8459 per ceiit. 
of oxalic a(*id, combined as soluble oxalate, out of a total of 
0*8()47 ])ft‘r (^‘nl. In sample iV, and only 0*0159 ])er cent, of 
soluble oxalate in sani])le with 0*8768 })er cent, combined 
with calcium. 

Tlie n^searches of Neubauer,f Schultzen,J Salkowski § 
and others on the estimation of oxalic acid in ca(*ao and cocoa 
})reparat ions have be<ui carefully examined by Albahary, who 
has j)roposed the adoption of the following method. 

.. MetJwd, 

About 50 grammes of the sample, dried over sulphuric acid 
until of constant weight, are placed in a beaker with 50ccs. 
of a 10 per cent, sodium carbonate solution. The beaker 
and conttaits arelieated on a' water-bath for one hour, the 
litpior evaporating Ixnng replaced by an equal amount of 
* water. To the stdution, are then added 50 ccs. of a solution 
containing 10 parts of magnesiufr.i ‘chloride and 20 parts 

r 

* .1. M. Albahary, Intemat, Cong. App. CAm.,,l909j viit. C, 175. 

t Neuh’.uer. Zeitxch. anal. (’Acm., ii., 499f and vii., 225. 

} Schultzen. “ lleichrrt und Dubois Roymond'a Arch.," 1868, 718. 

I 8«lkowaki, Zeitwh. phys. Chem., x., 120. 
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• * • “ 

of ammonium dilOride to the itfO ccs. A^KinaH quantity of 
animal black is added^ and the liquid siivijt^d whilst, the solu- 
tion continues to con<*en( ra*te on th ^ water-bath. 

After an hoin* and when 1ht‘ volume hy.s Betm reduced by 
about one-half, the solution, is tillered on a pump without 
allo\\ in^ it ^o ^et \‘old, and the insoluble rc'sidm* thoroughly 
waShed with boiling water, until the tiltrat(‘ is (juite neutral. 
The filtrate is again comamtrated on the water-bath, and, 
after the addition of enough ammonia to render the solutiofi 
strongly alkaline, th<‘ Ix^aker and contents aT<^ left to cool 
for twelve hoifrs. Tlu‘ solution is then tilt^^nxl, and a, slight 
excx^ss of calcium chloride solution and (M)ough act^tic acid, to 
ixajder th(i solution taint ly a(*id, ar<' add(*d. Tlui soluti(»n is 
again left to sltind loi’ jwelv<‘ hours. All the calcium oxalate 
is thrown down in t his maniHu*, and, after collecting tlii^ pre- 
cipitate on a tillta*, tlu^ oxalic acid is estimatixL by*igniling 
the dried r(‘sidue, w'<‘ighing the oxide of calciunp so forihed, 
and cal(‘ulating the oxalic a.cid tliat it re})res(aits. 

Girard, who lias recently carried out r(‘searclu^s on the 
oxalic acid-content oi (aicao and cocoa, pnipara lions, has given 
<ome valuable tigures, a few of which have been shown in 
Chapter XXVI., Table LXXII. 



CHAPTER XXXI. 

METHODS OF ANALYSIS; REDUOING MATTERS, TOTAL 
NITROOEN AND ALBUMINOIDS, STAfiCH. 'CANE SUGAR 
AND MILK SlHiAU, UA(^AO MATTER. 

In ibis cliajBw, ilu* arialyses of the ingredients, added to 
cacao in the ])rej)aration of chocolate and, s6metimes, thern- 
rielv(^s ])resent in the nibs to a small extent, will be described. 

Ai)art from the possible additions of cacao butter and 
alkali which have already been dealt with, a plain chocolate 
will contain added caiu^ sugar, of which cacao contains only 
a sniall* airiount, naturally present. Starch may also be. 
found to hi) ])rosent in cocoa and chocolate powders and 
eating-chocolates, though, in all cases, it should be looked 
upon as an adulterant, unless added for a specific purpose 
and duly notified on the j)ackage. 

. In milk chocolates, the addition of the solids of milk will 
• * . ' 
increase the reducing matters, due to thcj presence of milk ' 

sugar or lactose, as well as tlie nitrogenolis matters, due to 

the casein which mijk contains. By the addition of the milk ^ 

solids of fullrcream milk, a new fat, butter’ fat, is also 

introduced, which I'urther complicates analysis. 

The direct estimation of cacao matter, present in*, a' 

preparation, is net possible by chemical means, and, aStthis 

value is of great importance, owing to the regulations and 

• standards of purity existing in many countries and to the 

fact that a rebate may be obtained on the amofmt of cacao ^ 

matter,* exported, which has* paid duty on entering this 

country, both tho^ manufacturer and cheniist should be in a 

position to state how much cacao matter any preparation 

contains. 
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To this end, the eharacteristic qualities cacao mass and 
of its components have been observed, sc^tliU-t an estimation 
of one, or several, of the componthits, by direct or indfirect 
means, may be converted into terms of cacao matter present. 

t » 

.A ’ Reducing Matters. 

The reducing-powi^r of a substanci^ is the extent to which 

that substance is ca|)Hl)h) of reducing a standard solution of 
copper *with tlie precipitation of cuprous oxide. 

Certain sugars, sucli as glucose, lacto^^i, etc!, possf^ss 
reducing-power, and, if tlie conditions of strength of solutions, 
temperature and time are kept constant, throughout , a given 
weight? of the sugar will precipitate a uniform quantity of 
cuprous oxide -(estimated as cupric oxide), constant for that 
sugar. ^ ^ 

The average r(Hlucing-])Ower of 100 grammes of dry fat- 
free cacao is about five i)arts of cupric oxide. The addition, 
therefore, of even small (quantities of soluble reducing matters 
will greatly increase the reducing-))ower of the cold-water 
extract of the cocoa qireq)aration. 

The reducing matters of pure cacao will include the small 
quantities of gluQOse, etc., which, ^(s has been shown in 
former chapters, are present in the original heaps. 

» 

9 

MetJwd /. {by FehLing'n Solution). ^ 

• The standard solution of copj)er is made uj) as follows : — 
grammes of^copjw^ sulqihate are dissolved in 450 ccs, of 
water, and the solution accurately made up to 500 ccs. 

178 grammeaof Roclielle salt (sodium potassium tartrate) • 
and 63 grantmes of anhycj/ous sodium hydvate are dissolved 
in water, and ^le solution ynade up J;o 500 ccs. 

The two solutionif should b« kept separate, but, for use, 
equal volumes of the two solutions are taken. 

-A vpry slight reduction takes place on heating the two 
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Bolutions (about mgrms. of ciij)ric oxide for every 50 ccs. 
of the mixed sol'ativms), and lliis nliould be estimated, if great 
accuracy is ref^uired. 

The reducing matter, io be measured, should be so 
regulated that from 150 to B50 ingrnis. of cupric oxide are 
precipitated, 

Fifty CCS, of the mixed Pehling’s solution are placed in a 
wide-mouthed flask, of 250 ccs. cai)acity, and immersed in 
boiling watca’, until the t,emperature of the solution is 
stationary. An accurately weiglual or measured solution of 
the nalucing matters is tluai added, and the whole made up 
to 100 CCS. with boiling, distilkal water. Tlu; heaiing is 
continued for <‘xactly tAvt^lve minutes, wdien the solution is 
filtered through a double filt(U’-])a])er, and the residue of 
cni)rous oxide thoroughly washed and dried. The cuprous 
oxide is converted into cupric oxide by slow’ly charring the 
filter-])ap(a's and contents and by heating the residue in a 
w'(aghed [)orcelain dish, iirst to a dull red. then to a bright red 
heat in a muffle furnace or over a Bunsen tlanu*. The cu})ric 
oxide may then b(^ W(‘ighed direct, converted into co])per by 
reducing with hydrogen, or, after dissolving the oxide in 
nitric acid, may be deposited electrolytically as copjier. 

Method IL {by Pavy's Solution), 

The cop}H‘r solution is prepared by dissolving 20*4 
grcunmes of Rochelle salt "and 20*4 grammes of caustic 
potash in 200 ccs. of water. In another 200 ccs. of wafer, 
4-158 grammes of copper sulphate are dissolved. The^wo 
solutions are then mixed, and, when cold, 800 ccs. of strong 
» amtbonia (S.G. 0-880) are added, and the whole made up to 
1,000 CCS. with water. * 

The f^lution is standardised against a known w^eight of 
inverted cane sugar, when it will be -found that 10 ccs. of 
Pavy’s solution, prepared as above, diluted to 20 ccs. with 
water, equal about 5 mgrms. of glucose. 
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Estimations witli*this solution are ‘made a§ follows: — 
Ten CCS. of Pavy’s solution are jdaeed in a wide*inouihed 
flask, ayd an equal bi;lk of water is adcked!* \ rubber s((i[)per 
with two lioles is tittVd into the flask ; i^to one bole is 
tightly ])laeed the tapering end of a bundfe, whilst int o the 
other is fit ted a Igilg glass t ub(\ ])r<*ferably extending to*t he 
ope« air, to ?*arry away the aiinnonia fumes. 

The bureth^ is 'now filled with the solution containing 
the reducing ryathu*, and the flask containing JNtvy’s solution 
brought to the boiling-]>oint. The sto])cock of the bur<‘tte 
is opened, and y f^mall quantity of the solutioii is ru*i into the 
flask, and tla^ whole brought again to the boil. Furtluir 
additions of the solution are run in, and, aftcu- eaxdi addition, 
the flfy^k and (*ontents are boiled up. Tije blue colour of 
Pavy’s solution will b<^ setMi to fiule, aft(‘r <‘a(*h aiidition and 
boiling, and the estimation is finished wh(ui t lu^ blu(» colour 
has complet(ily faded. • 

Ten CCS. of Pavy’s solution Ixdtig e(|ui valent to 5 mgrms. 
of glucose (by experiment ), tJie reducing-pow(ir of the solut ion 
to be determined, in terms of glucose, is readily calculated 
from the number of cubic centimetres of that solution 
r£M:j[uired to decolourise 10 ccs. of Pavy’s solution. • 

Total Nitrogen, and Albuminoid or Proteid 

• « Matter. * * 

• 

^ In unadulterated [)lain coc^^)a and cliocolaUs Uie ca»ao 
matter is the only nitrogen-containing constituent. In milk 
chocolates, however, tly3 presence of casein, Mil the milk solids 
employed, will increase the nitrogen and, consequently, the 
albuminoid valu^. * * * \ 

The use* of ammonia^ fl’n^ the production of “soluble’* 
cocoa powder may also increase* the acnount of nitrogeil, found 
by the Kjeldahl method, recommended.** 


* A. Stutzer, Zeiisch. angew, Chem.f 1892, 510. 
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Total Nitrogen (Kjelpahl’s Method, Modified by 
tiuNNiNG. Arnold, etc.). 

• 0ne gramme of the sample is introduced into a ^flask of 
hard Jena glass and treated with 20‘'ccs. of strong sulphuric 
acid, a small globule of mercury being added at the same 
time. The flask is loosely closed by a. ball stopper and 
gradually heated over a naked Bunsen flame. AfteD the 
frothing has ceased, the heat is increased tifl the whole is 
briskly boiling, when 10 grammes of purest potassium bisul- 
phate (absolutely free from any ammonium salts) are^ added. 
The flask and conlents are heated, until the solution is quite 
clear and colourk^ss, when they are cooled down, and the 
latter washed into a large distilling-flask bearing a doubly 
perforated cork. Through one hole of the cork is ^ passed 
a thistle funnel, provided with a stopcock, and through the 
other a. tuUe, connected to a condensing-apparatus. 

‘A sufficient quantity of a solution of sodium hydrate 
(containing a little sodium sulphide) is passed through the 
funnel, just more than is necessary to neutralise the acid 
solution in the flask, and some small pieces of zinc foil are 
added, to prevent bumping, when the contents of the flask 
fiire boiled. 

The ammonia is distilled ofT and coll^'cted at the end of 

N 

the condt^uiser intg a known volume of — sulphuric acid, 

the loss of acidity of the standard acid being later estimated 

by titration with sodium carbonate or hydrate solutipfl. 

The loss of acidity of the standard ^ acid solution is dUe to 
th^ absorption of ammonia, distilled from the alkaline 
sofution in' the' flask, and, when this value is known, the 
equivaleijJ- of nitrogen in the.avnmohia, originally present in 
the sample, can ^ readily calculated.^ , v 

The total nitKigen multi|)lied by fr.25 will give, approxi- 
mately, the albuminoid matter. 
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If, however, iU is required •fco estimate the amount of 
nitrogen from the vegetable albumen alonj), it is necessary 
to prepare the sample before subanitthig ^t to the Kjeidalil 
process. •* « 

Estimation of^Nitrogen*from Albumen (Stutzew’s 

^ * Method). 

From 1 to 2 grammes of the sample are finely divided 
and boiled for a few minutes with 100 ces. of water : 0*4 
gramnje of moist copper hydrate is added, and, after 
cooling, the liquid is filtered through a filtef-papef, and the 
residue thoroughly washed with water. The filter- paper and 
contents are then submitted to the Kjeldahl process. 

. The difference between the total nitrogen and that found 
by Stutzer’s method will give the non-albuminoid nitrogen, 
which, in the case of pure cacao, will result, alnvost entirely, 
from theobromine and caffeine. • 

In all cases of estimation of nitrogen by Kjeldahrs 
method, a blank experiment should be conducted side by side 
with the actual determination, in order to eliminate the errors, 

caused by any impure and nitrogen -containing chemicals. 

• • * 

^ . Starch. 

The amount of starch, present in pure cacao, riever exceeds 
• 12 per cent., the usual quantity, found, being 9 per Cent. The 
addition of foreign starch, wlpch, as » chea*p adulterant, 
^raay be found in the commonest chocolate and irj cocoa 
powders and, also, in the majority of cliocolate powders, 
will* rapidly inci^ase tlTe starch figure. 

Bordas has shown that the percentage of starch, found in^ 
commeiicial.cacao, is pra(jtically a constat, amounting to 
9*34 per cent, in cacao fhasS <ind 28*5 per cent, calculated 
on cacao matl^r ansglubW.in water. Oa*this assumption, 
he calculates the aipproximate amoufit*of caeao matter 
present in a preparation and is able to estimate the extent 
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of adulteratk)n w^lh foreij^irst arcli, if suck has been detected 
under ihe nii(*rQscpj>e. The starch niay be estimated by 
any ftf IIh^ reco^uiised fiielh£)ds, bjr hydrolysis of the starch by 
diastase or mineral acids, and (estimating the sugars formed. 

The results, obtaim^d by Winton * and others, show 2B-66 
per (*(ent. of crude starch in cacao nibs, iKid 12*59 per cent, 
in tine shell. It. has been indicated, however, that 'the 
percentage of starch in th(‘ shell is (piite 'snialf, and, for this 
nstson, th(‘ results of many exi)erimenters ^are in error, 
lievis and Burnett f hav(‘. more recently, criticis^al the 
various hit't hods, employed, and, from carefol comparison, 
ha.v<^ arrived at the conclusion that cacao shell contains 
no tru(^ starch. Holton and Hevis have found 19 to 23 per 
cent, of stanh in the nib, and 9 to 10 per cent, in the sluell, 
by (un])loying a moditiial form of Ewer’s method, but the 
former ,wo];kers art* cerlain, as we ourselves are, that the 
woiHv of Davis and Daishf has })rovided us with the most ‘ 
accurale method of working, and they have, accordingly, 
estirnaled the starch in nibs and husk by thesi* means. 
The actual method, employtal, was : — 

Method L 

Five gramnu's of fat -free dry cocoa rfiatter are weighed 
out into ^a» beakei;, thoroughly stirred with 50 ccs. of 10. 
j)er cent. alc(?hol (by volume) and filtered under p’essure — 
for preferenc<^ in a large Buchner funnel, as the p|Ocess is 
thereby considerably hastened. The cocoa is then wasj^^ 
with two further (piantities uf 50 ccs. of 10 per cent. al(;ohol 
and, finally, with 10 ccs. of 95 per cent, alcohol (by volume), 

‘ taking care^ that, at no stage, the Vocoa su(*ks dry, as it is 
then more difficult both to w|isk and to remace from the 
filter. ‘ T1 j» alcoliol washing is very important, as other- 

*« ft 

♦ Wintofi, IJilvennaii^ind Bailey, .4»U*. Rep. Conn. Agric. Kxpt. Stn., 1902, 270. 

t C. ReviM and H. R. Burnett, The Analyei, 1915,' xl., 429. 

X Davis and Daub, Jour, Agric, Soc,, 1913, v., 437 ; The Analyst, 1913, xxxviii.. 304. 
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wise great difficurties occur lat^r on, and erroheous results 
are obtained. The naoist cocoa *is then«p»aped and washed 
out of “the funnel ftitp a ^50 ccT. flaak with about ISfS ccs. 
of boiling water, well mixed, and the flasjc ^aced in boiling 
water, with consts^nt shakiug, for 15 minutes to gelatinise 
the starch.. The* contents of the flask are then cooled to 
SS'^.C., mixe(\ witl;^ 0*05 gramme of taka-diastase , (obtainable 
from Messrs. Parke, Davis & Go.), rubbed up with a little 
water, 2 ccs.*of toluene added, and the flask, after shaking 
and stoppering,, placed in an incubator at 38° C. for 24 to 
36 hours, shaking at intervals. At the end of this period, 
N * 

10 CCS. of NaOH are added to stop the action, the flask is 

cooled to 15° C., about 100 ccs. of water added, then 10 ccs. 
of acid mercuric nitrate solution run in on the surface, and, 
finally, water to the mark below the toluene. The xjontents 
of the flask are then mixed and filtered. To 100 ccs. of the 
filtrate (which should be perfectly colourless and bright), care- 
fully measured into a flask, are added 0*5 gramme of sodium^ 
phosphate (NaaHP 04 l 2 Ha 0 ) and, after this has dissolved, 
10 CCS. of sodium hydroxide solution are run in, the solution 
being agitated as this is done. The contents of the flask 
are mixed and atered,* and, in the’ case of 5 grammes of 
cacao matter, 50 ccs. are used for the, gravimetric copper 
determination, the polarimetric readings beipg also made 
on this filtrate. • * > 

' ^ , The solution of sodium hydroxide, used above, must be 
so^djusted that 10 ccs. just neutralise 4 ccrf. of acid mercuric 
nitrate solution’ and should on no account be in excess, it 
being preferable to learVe the solution slightly acid itfter^ 
additiofi of4he alkali. t^e exi>erimen/8 under considera- 
tion, the solution contained 55 grammes of ground caustic 
soda (97 per (SSnP. NaOH) yeriiite. It was carefuUy deter- 
mined that this treafment with acid mercuric nitrate caused 
no Ices of starch conversion products. 
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Tlie acid mercijric' nitrate* solution wasvmade as follows : 
Pure niercurif Qxide (not mercury, as recommended 
by Wiley) was' dissolvfed in- twice its^ weight of nitrjp acid 
(S.G. 1-42), andHlie resulting solution*''diluted to 5 times its 
volume with water. 

I^he results obtained by Kevis and li^uiiiett on cacao 
shell and nibs are shown as follow 


Samjili* of CiiO wc-ighod. Ventzke dcgrecH. 

(1) Blend . O-OBK grm. . '+ 0-04 

(2) (iiiayacjuil O-OBl „ ■ + 

(B) Triiiidah . 0-022 .. , • ‘ 

(4) (ireimda . 0-024 „ . -f 0-05 


In these cases, the coiiper oxide was that obtained froin 
50 CCS. of the final solution, used, and the polarimeter figures 
were the actual Ventzko saccharimeter degrees, obtained 
on jlolarising the filtrate after the acid mercuric nitrate 
and phosphatti treatment, and they have not been calculated 
Ao the ori^nnal shell. 

I^T cent of Ntarch 

* (laeao in Ik. 

, Acc ra (low-grade caCao) 

Guayaquil. 

Trinidad . 

Gronadli . c . 

San ThoHie 

( 

MeUwd 11. {Duboin'* Method for Cocoa Preparations i% -^ 
■ the Ahseticeof Sugar). 

Xwo grammes of the sample are transferred to a 500 cc. 
Erlehraeyer tlasli, to which are added 20 ccs. of water and 
12 ('cs. of^trong sulphuric acid. The latter is cautiously 
added with a slow rotation of the flask. The mixtme is 
heated over a low flame with constan* rotation, until the 

• W. L. nuboi«, V.S. Drft. uf Agric., 1910, Bull. 132. 


12-8 

8-0 

14-5 

12-B 
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colour changes from brown fo reddish blaclc. Tlie time 

required for this ‘clyinge has been fc^qifd to be appro^i’ 
mately one and ofte-/ourth mrtiutes, so that all samples 
should be treated for this time. . * 

Thirty ccs. of water are Jthen added, the mixture ligated* 
to boiling ^nd bt)iled for 15 seconds. A little (‘old water 
is poured in^ the^flask quickly cooled, and the. acid nearly 
neutralised with a saturated solution of (-austic potash. 

The solution is then again cooled and transferred to a * 
250 (ic. flask, ^conqdeting the volume willi c|>ld waiter : 
50 CCS. of the flit rate are us(m 1 for tlu^ (hdernnnation of co})per- 
reducing substance as dextrose^ (100 mgiins. dextrose 
0*2538 gramme c()i)per oxide - 0*2027 gramme of cojqxT).* 

• 

Method 111. {for Cocoa Preparatwns coniaimmj Smjar 
and Soluble Carbohydrates). • • 

Four grammes of the sample are shaken with ))etrol(‘um 
ether, until the wliole of the fat has been removed. 

After filtration and a further washing with ether, 100 
CCS. of water are add(‘d to tlie contents of the flask, anddhe 
residue on the filter- [)aper is waslied back into t he flask. TJie 
Hask is thoroughly sliaken, and the contents filtered through 
a filter-paper. Aflter tflree or four washings with water, and 
, after the whole of the sugar has been i^rnovect, Jdie filtrate 

* is made up tt> 500 ccs. and may be used for sugar estimation, 
whilst }he residue is washed ill to an Erlenmeyer flask. And 

* fr^ated as described in Method I. for estimation of the starch. 

JPubois, by employing these method^, obtained 10*77 
per cent, to 13*05 per cent, of starch in cacao nibs, 11*38 
per cent, to 13*g4 per eSnt. in bitter cho(^ohite,«and 7*/*per* 
cent, to 8*t> per cent. ki^«w^t chocolate.* In later experi- 
ments, the same author o])taihed 1£*3 per cent, to f9*8 per 
cent, of starch m ^ocflas, afld 1§*4 per cenf. to 18^*2 i>er cent, 
in bitter chocolates. • 

♦ Brown, Morris and Millar, Jour. Chem. 8oc. (Trans.), Ixxi., 281. 
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* ' 

Welmans* has* estimated the quantity of commercial 
deitrin added to.q^hocolate.* The de?:trin is detected by 
trealiiig the cocoa preparation, after extfraction of faft»i with 
water. The soltftiqn is filtered, and, to 10 ccs. of the filtrate, 
.40 cc^. of 90 per cent, alcohol, added, when, if dextrin is 
present, an immediate turbidity is produced, ^he dextrin 
iriay be quantitatively precipitated by lead acetate in the 
presence of ammonia. 

I 

Microscopical Estimation of S.tarch. * 

Kevis and Burnett have stated that starch cannot be 
detected in cacao shell under the microscope, and we admit 
to a difficulty in identifying it. In cacao nibs, the ^tarch 
can be easily seen after staining with iodine solution. In 
cocoa powders, etc., added starch can, of course, be readily 
identified under the microscope by the same means, and, 
though, doubtless, with practice, an approximate estimation 
of the quantity, present, could be made, the microscopical 
method, suggested by Purvis and Hodgson, is not entirely 
satisfactory, as we have demonstrated elsewhere, when 
working with starchy products. Nor do we agree entirely)? 
with Purvis and Hodgson in their general ‘statement, whicl 
runs as follows : — 

“ The presence df added starch in cocoa is easily detected 
by a microscdpical, examination ; but its exact estimation 
by' chemical methods is almost impossible, owing to thpr 
presence in cocoa of natural starch in varying quantiti^ ; 
the simplest method for determination is a microscopical 
one, and the results obtained {ire as near the true 
ambunt as • those*, obtained by the most ’’exact (jbemical 
method^, ' - ' J ‘ 

** Standard mixtures bf cocoa and the sf aBch shown under 
the microscope aie made (5, 10, 15, rSO per cent, etc., of 


F. Wobutts, XfilicA HffmL 47S. 
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• 

starch), and uutTst?^ aitj uumptirmi unuer me microscope with 
slides of the sample ; with a*littl^ ^mtti<je the stjmjiard 
containing the same* percental of starcj^ as the sample 
can easily be picked ont.” . 


•Sugar ^Sucrose or Cane Sugar, Lactose or Milk 

Sugar). 

wpen solutions ot cane sugar are boiled with minerar 
acids* the su^ai^in split up, or inverted, intq two glucoses, the 
one rotating a plane pf polarised light to the right and hence 
called dextrose, the other rotating to the left and called 
lapvulose. These two sugars are capable of reducing copper 
solutions, as already described. 

Carbohydrates, among which cane sugar, milk sugar, etc., 
are numbered as being soluble in water, are usually estimated 
by a combination of physical and chemical processes. When 
the sugars are present individually, their determination is not 
a matter of great difficulty, but, when more than one sugar 
is present in a preparation, their isolation and determination 
^jnay be one of considerable complication. , 

In the case oS cacao mass, the reducing matters, present, 
hc^ve already been shown to be small, and the power, possessed 
by a cold-water extract of cacao, of rotating polarised light is 
negligible. * If, therefore, as is usually the case with a plain 
chocolate or chocolate powder, the sugar present ia tane 
^augar only, the direct estimation of the sugar becomes a 
simple process.by testing the* reducing-pcfwer of an inverted 
cold-water extract of a weighed sample, or by testing its 
power jof rotating polarised light. ^ * 

In this chapter, thdpfbce^ of testing Ihe reducing-power 
of a C(dd-watQV extract has b^n described under ** fleducing 
Matters,’* though, ip order to^ render cane sug^r capable of 
reducing a copper solution (either Fehling’s or Pavy’s), it is 
necessity to invert it* 
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* Method i. 

Invexf^mi of Cmt ^Sngar,^ mid Esi/imajfon hy Bedi^tion 
t 4 of Co'p'per Solutiorl^, 

. To tlie clarified aqueous solution, containing the sugar 
from a ^veighed (|uan1ity of cliocolate, {fdd a, few cubic 
('entimetres of strong liydrochloric acid, aqd he^it to boilihg 
for ten minutes. Then place th<^ vessel, containing the solu- 
tion, aside for about ten hours, and estimate the inverted 
sugar by Pavy’s or Fehling’s solution {vide “ Estimation of 
lieducing IVlatlers,” Methods L and 11.), 

If the cop])er solutions have been previously standardised 
against, a solution of inverted, pure cane sugar of known 
strength, the value of a given number of cubic centimeties of 
coi)i)er solution for complete ])reci})itation or decolorisation, 
in terms of cane sugar, will be known. 

Method 11. 

Estimation of Cane Sugar hy Polarimetric Methods. 

The power of rotating polarised light, possessed by the 
sugjirs, provides a ready method foi* their estimation. 

The apparatus, in wlych such estiinations are made, con- 
sists, essentially, of one stationary Nicol prism and a rotating 
prism at tacked t o a circular scale. According to the instru- 
ment used, the scale is made to give readings as degrees qr as 
direct, })ercent age of cane sugar (saccharimeter). The first^ 
prism polarises the light, whilst the second determines tli^3 
plane of the polarised light coming troiii the iirst. ' 

The means of obtaining the readings are too well known 
fo need description here.* 

The estiniation oi a sugar in solution can be made (if only 
one sugar is present) by observing the angle cof rotation of 
that aolutior^in a tube of known length, jvhen, if the specific 

* For full puticulani, see Lftndolt, “ Optics^ Kotation of Organic Snbatanoes/’ 
1902. S25. 
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rotatory power * of the particular sugar i^PKnown, the follow- 
ing equation will sejwe fo^; determinipjf tHe w^i^^ht of su^ar 
in 1 cc.* of the solutiW : — 

^ where a — observed rotation of ilie solution. , 

• L®] “ specific rotatory power of Ihe })articular sugar, 

• I = length of observation-tube in decimetres. 

As afi example : The observed rotation of a cane sugar 
solutiqp in a 1 decimetre tube is 5°, and, the specific* rotatory 
powef of cane^smg0.r being + 06*5'', the per(;entag« content of 
sugar in that solutiou 


5 X 100 
66*5 X 1 


7-518. 


The specific rotatory ])owers of individual sugars luwe 
been carefully estimatt^d by a. number of observers ; thus, 
sucrose (cane sugar) + 60-5° ; maltose (malt sugar) ^ = 
+ 138*0° ; lactose (milk sugar), anhydrous — + 55*4° ; 
lactose, crystalline ^ +- 52*0°; dextrose + 51-3°; 
laevulose = — 95*4° ; invert sugar -- — 22-0°. 

In saccharimeters, or polarising apparatus espec-ially 
.adapted for determining the cpiantity of cane sugar in soju- 
tions, the scale, attache^ to the analysing j»rism, is divided so 
as lo read the percentage of cane sugar direct . 

The .official method for determining the percentage of 
carwj sugar in chocolate, according to tjie Gefinaii decree of 
Jlay 81st, 1891, is as follows :* 13*024 grammes of chocolate 
ate damped with ak'ohol, then warmed tor fifteen minutes 
witfli 30 CCS. of .water a waler-bath. Whilst still hot, the 
solution is poured on ty a wet tiltei-paper, and the residue 
again tj;-eated with hot water, until the filtratt^ nearly ecfuals 
100 CCS. the filtrade* i#* lai^ed with ccs. of basic lead 
acetate solution, allowed to stiftid for. fifteen minutes, 

♦ T^e specific rotatory mprer of a sugar is the riuniljer of (h^prees of rotation 
recorded, when 1 gTamme of the sugar is dissolved iu 1 cc. of fluid and observed, by 
yellow lig)|t, through a tube 1 decimetre long. 
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slarified with alura^to which i little alumina has l^n added, 
mdde up to a defiail* volunfe (110 ccB.)cahd polarised. 

In" plain chocolates find c'hocpla'ie powders, ' it is 
improbable that any sugar other than cane sugar will be 
foun(), though glucose was used, during tho war. In special 
preparations, Inaltose, lactose, etc., will occur, .due to the 
addition of malt powders, milk solids, etc., ^nd, consequently, 
variations in the methods of estimation will be necessary. 

As milk chocolates have now become so popular, it is 
intended to give methods by which lactose can be determined 
in the presence of cane sugar. The following method, which 
has been devised by Dubois,* was adopted as a provisional 
method by the A.O.A.C. 


Meihod III. 

Estimation oj Lactose and Svctose in Milk Chocolaie 
Preparations (Dubois' Method). 

Thirteen grammes of the sample are freed from fat by 
shalung and centrifuging with two separate quantities of 
gasoline (100 ccs.). The solvent is separated by decantation; 
and the residue treated with 100 ccs. of wate’" and shaken for 
ten minutes. , 

Five ccs! of basic lead acetate solution (for preparation, 
see later) are added, the precipitate filtered off, and the exvsess 
of lead removed from the filtrate (original filtrate). ^ ' 

Twenty-five ccs. of this solution are allowed to stand over- 
night, to destroy bi-rotation, and thefi polarfeed. Multiply 
the roadings, so obtained, by two (BisuU A.). 

Invert (for method of inversion^, see later) 60 ccs; of the 
original fiWirate, and nearlv neutralise the acid, after cooUng, 
with sodium hydrate solution. Make up the combmed 
solution to 100 ccs. with water, and bring to the temperp.ture 

♦ W. L. Doboii, U.8. of 1«67, BuU, WJ* 
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at which the difect readings ‘were taken, &nd polarise. 

Multiply the Headings by ^4 (RSsvlt Using the safije 

solutiotf, polarise aghi^ at 86® C? in a water-jacketed* tube, 
and multiply the readings by. 4 (Result C,). * 

The approximate weighty of sucrose and lactose, present 
in the 13 gsanim^s of sample, are obtained by the following 
formulae : — , , 

Grammes, of sucrose = X 1 ’05 X 13 

142-6(; - ^ 

Grammes of lactose = ^ ^ ^ X l-fe X 13 


^ 19-152 C 

• • 100 ■ 

In these formulae, the factors are explained as follow * : — 
1*05 is the factor to allow for the increase in volume of the 
solution occurring on addition of 5 ccs. of lead acetate 
solution. 

1*264 is the factor allowing for the difference in normal 

weight of sucrose and lactose, thus = 1-264. 

26*00 

•* l-ll is the factor for reducing readings taken at 86° C.’to 
readings taken at 20° 0. 

A = Direct readings of normal weigjit of material. 

B = Invhrt readings of normal weight of material. 

& Invert readings of uorfhal weight of material at C. 

Prom the total amount of sugar, found by this method, the 
peftentage of sugars, present,’ is calculated by the following 
formulae : — 


^4-B)1-05X „ , i, 

^ percentage ofsucrose. 

142 - 66 - 1 

. 2 • • 

• • • • 

(1*478]^ X =e Percentage of*lacto 80 . 


W. L. Dobc^ J<mr, Amer, Okmm, I9(h, xsdx., ftSd. 
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This correctioif is necessary from Duoois’ experiments, 
conducted at 50 °t>.,*tp the‘*follo\j^ing extent : — 

For 2 grniS. erf sugar in Bami)le , X = 101*20 

4grms. „ ^ X 102*50 

„ Ggrftis. „ ‘ „ . X = 103*60 

„ 8 „ „ . ,X - 104*80 J 

,, 10 grms. „ „ . X 106*05 

„ 15 grins. „ „ . X ^ 109*40 

„ 20 grins. „ „ .X 112*4® 

* < 

Provisw7ial Official Method of-hiverswn. 

To 5 CCS. of the clarified solution, free from lead, add‘5 ccs. 
of 38*8 per cent, hydrochloric acid solution, and set aside for 
twenty-four )iours at a temperature not below 20^^ C., or, if 
the temperature be above 25° C., for ten hours. 

Preparation of Lead Acetate Solution, 

Boil 430 grammes of normal lead acetate, 13 grammes 
of lead oxide (PbO) with 1,000 ccs, of water tor half-an-hour. 
Cool the mixture, and »allow to settle. Decant the clear 
solut ion, and dilute with recently boiled water till the specific 
gravity — 1*25. ' , 

« .. • 

This provisional method lias been under survey by a^ 

number of workers, and it must be recorded that the results 
obtained are far from satisfactory. The form in which the 
method is now before the American Association for considera- 
lion; prior to adopting it as a standard method, is^mat.erially 
different f jpm that given in. 'thi*- foregoing pages. The 
determination of lactose ^)y polarising at ^62^0. is discon- 
tinued, the calculation of this donstitueni being made entirely 
from the same polarisations as are used in the sucrose 
calculations. ^ 
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french Officiak^IetJml for mating Dactose im 
'presence oj Sucrose. 

A very (*lose ap^proxiination loathe correct lactose wlue 
in milk cho^*olates can be made by eslimaling, dire(*t, the 
copper rediKwng-power of a standard solution. This, in 
effebt, is the^official French method (A?tu. d(%s Falsif.^ iv,. 
417) wl^ich, in the case of milk chocolate, recommends f aking 
the re^due from tjie fat estimation (B graymies ^)f original 
chocolate) and treating it with 80 ('cs. of a 1 pta* i*ent. solution 
of phosphorus tri-iodide for half-an-hour, at a teni})erature 
of 60° C. The mixt ure is agitated, sej)araftal hi a c(*ntrifugal, 
and tlie clear liquor poured off. Tliis treatmeni. is to be 
rej)eated three times, and the combined sohif ions madii up to 
150 CCS. Lactose is estimated, direct, on a poVtioh of, the 
solution with Fehling’s solution. Sucrose is inverted and 
similarly determined. In the absence of invert sugar, or 
other reducing sugars besides lactose, this method is to be 
recommended, as we have shown in a number of analyses 
yf milk chocolates of known composition. 

• 

^he estimation of lactose, in the presence of sucrose and 
invert sugar, has .been the subject of much study, of which 
only^a brief survey can be given here. The necessity for the 
determination has arisen chiefly for the* purpose of oli^tain- 
ing complete analyses of sweetened condensed milk, itifant 
foods, etc. , , • • 

In 1900, the A.O.A.C. considered the question of obtain- 
ing results by («) gravimetric and volumetric methods with* 
Fehling s solution, ,^olarime ter nielhod, before and 

after hiversioy. with citric acid mid yeast, and,* in the 
case of unsweetened milk, •by directj gravynetric and 
polariineter methods.’ The results, given on p. 524, were 
obtainq^. 
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f 


( 

r 1 

* . f ^ « 

OravliDetrtc method. 

Polarlsoopic metlmd. 

Lactose. 

Bnerjee. 

Lactose. 

Sttoroee. 

1 

Sampls X. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Stvteiened condensed milk ; 





Fulton (Mjeum.) 

1337 

40-62 , 

— 

— 

Norton (ArkanWg) . 

9-5 

45-48 

-> 

— 

Bartlett (Maine) 

U-94 

40-18 

. — . 

— < 

Jaffa and Stewart (California) . 

1437 

41-78 r 

lM-88 

40-‘D0 

Olson (Wisconsin) . 

14-6ft 

36-26 

— 

38-67 

Hampijc B. 



■ 

• 

Unmoeetened condensed milk : 




, 

Fulton 

10-49 

. — 

— 

, < — 

Norton ... 

9-4 

— 

' ,11-3 

— 

Bartlett .... 

10-08 

— 

— 

— 

Olgon ..... 

11-06 

' — 

11-66 

— 

Patrick and Boyle (Washington) 

11-04 


10-07 

— 


Other determinations were made on one .sample of 
sweetened condensed milk and four samples of unsweetened 
milk 



Qravimetrio method. 

Polarkcopic method. 

Lactose. 

Sucrose. 

Lactose. 

Sucrose. 

aiweetened condensed milk : 

i ^ 

1 Percent. 

Per cent. 

Per cent. 

Percent. . 

Olson (Wisconsin) . 

16-41 

36-91 ^ 

— 

34.36 

Unsweetened c^mdensed milk : 


' • 



Jaffa and Stewart (California) 

9-28 

— 

9-36 


Olson . * ' . ... 

. * 9-91 

— 

9-19 

— 


( 8-11 

— 

8^00 

— 

Jaffa and Stewdrt 

. 1 10-87 

— 

10-74 

— 

<1 

( <9-96 

— 

9-84 ' 

• 


' 



( 




Baker and Htdton,* in 1910, eslymated^ lactose inMthe 
presence of the commonly occurring sugars, and first 
'atteinpted Tollens’^ method by the use of mucic acid. This 
method was abandoned as uusa,tibfactory and as quite 
useless wh?n worlmg with small quantities qt lactose in the 
presence of ^ther organic matters. Eveptually , they evolved 
a method with use of brewer’s yeast, Experimental data for 

« J. L B«k«r Mid H. F. mo, XXZT., 512. t 
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which can be found, in the original papei^. Tliese workers 
obtained the following results 


Materials UMxi. 


Grammes 
of lactose 
present in 
Mlution 
•befwe 
fermenla- 
. tion. 


La/^tose alono .... 

>» 

Lactosf^ trace of glucoee 

-j- glucose (e(}uaj weights) 

,, -f invert- . . • . 

,, + glucose -f maltose (equal weights) 

,, 4- cane sugar + maltose (equal 
• • weights) .... 

Wheat starch containing 10 per cent, lactose 
Flour containing 5 iier cent, lactose . 

M M 10 „ .... 

» M 10 „ „ . . 

„ containing 10 per cent, lactose + 10 
per cent, cane sugar 


10 

6 

3 

2 

1 

3 


1 

0-5 

0-5 


UrauiThsa of lactose 
* per 100 CCS. of 
solution titrated. 


t’alcu* 

latud. 


8 

0 

03 

a-8 

2 4 


1 

2 

0‘8 
0-4 
0 33 
0-33 

033 


7fi 
5 44 
0-27 

0- 5 
0s74 
2-37 

1- 45 
201 
096 

2 - 05 
0-8 

0 395 
0 314 
• 0*32f 

0-32 


I 


lactose 

unfer- 

mented. 


95 
90-6 
900 

920 

98*7 

96-5 

100 

96 

102 

100 

98*5 

94 

97 
s 

97 


In 1911, some official French methods for the estimation 
of lactose were published in the Anncdes des Falsificcdions 
s(iv., 420), and we have already considered some of the results 
obtained. * , 

•The year 1914 saw several papers published on the sub- 
ject, among them being those by Ref is and* Payne, and 

Jitepdra^ Nath Rakshit.f In the lattej pap^r, an excellent 

• • • 


Percentage of lactose. 

Perosntage of^sucrose. 

• 

Foand. 

Csleulatsd. 

Found. 

Calculated, 

4iD 
• 4-24 

3-86 

• 

4'41 

s4-^ 

" • . 


, 4-76 

. • 9 09 

1667 

312 

•• a 

3-^ 

a S 

3%I0 ’ 

r*- — ^ 

33*33 

9 


, • 


C. Bevia and GL* AL Fmjam, The Analyat^ 19f4, zxxix.. 476. 
Jitendra Nath BakahH, Jmr, /ad. Eng, Chmn, 1914, vi., 907. 
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r^sund of tlu) existing knoycledge of lack)se determination 
is^iven, and a modified “french official ” method devised. 
Working withmilk’of knowji lactose value, various quantities 
of cane sugar wrre added, and the tw(5 sugars were analysed 
by the method proposed, with* the results shown above. 

Tlie aiithoi' then turned to ‘some comHiercial brands of 
sweetened condensed milk, estimated the sugars by that 
method, aTid determined the ash, proteid matter, qtc., 
comparing the added results with the total sokds, obtained 
by eva])oratioii. \ 

Tlie foHowing table shows the results r— - r 


‘ 

Ash i)rot-el<l. 

Total 

ItrniidH 

fat, lactose, 

solids bv 


sucrose. 

evajwration. 

1. B<‘Mt HkiiniiKHl I'otulcnw'd milk .... 

7d-7 

70'2 

2. Nentlr’s ( (iiuh'nHod milk, Nrst brand 

74>2 

74-8 

IJ, Milkmiiid brnoid ....... 

7d-8 

701 

4 lk‘Ht Hkimni(‘<I condensed milk. Cow and (’alf brand . 

1 

7.‘>-l 

75*() 


lii 11)18, (Irossfeld* provided empirical formulaB for 
calculating lactose in a mixture containing both cane sugar 
and invert sugar, the data, required, being the polarimeter 
vahie and t he reducing-power of the mixtui;e after inversion.’ 
The inversion was made*under standard coRditions, namely, 
50 CCS. of the^solution mixed with 2 ccs. of hydrochloric acid 
(S.G. 1*125)‘ heated in a boiling water-bath for thiity minutes. 
The^redu{*ing-power expressed in terms of invert sugar, •^nd 
the Itfctose is then calculated from the formula. 

• - 1-20 

De — Di 

^’here Dx = Specjlic rotation found ki invert sugar, 

* De = Specific rotation of la<jtoge (+ 70*6®)^ ' 

D&' ==» Specific rotation of invert sugar (— 16*7®), 

De — Di is thus -{-\87‘3® and ^he formula bec^fnes : — 

L 0-01375 Z (Dx+Wt7), 

* J. Gros^kl, ZeU9ch, Nahr, OetMuavut 191S, xxxv., 249. 
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Sucrose is foqrid from formtlla 

S ^‘6-01145 Z (70*6 -DJj, 

since ipp per cent. o£*cane iugar givesjSCT percent, of yivert 
sugar, under the conditions given. 

Cacao Tviatter. 

The amount of cacao matter, present in oiiocrolate,\dc., 

• assumes a certain importance, seeing that a rebate is allowed 
on exported cacao matfer which tias previously paid dul y on 
entering this country. 

direct estimation of cacao matter is, obviously, an 
impossibility, as cAcao is com])Osed of a nuftiber df complex 
chemical const ituents^ and the amount of cacao matter, 
actually present, can only be obtained by indire('t. means. 

• • Undoubtedly, the most satisfactory method is complete 
analysis of the preparation, when, after it. has be<ai found 
that no foreign starch, mineral mat ter, husk, etc;., have been 
^dded, the difference between 100 and the sum of the ‘per- 
centages of sugar (if any) and total fat will give a very 
close value for the amount of fat-free cacao mat ter present. 

Booth, however, obtains the ])roportion of fat-free (*acao 
matter on the assumption that the cold-water extract is, 
for all practical purposes, identical in husk and nib. The 
cold-water extraci is assumed to be 12 per cent, of the total 
^ cacS. 0 , and, after the sample under investigation has been 
’ cx)rrected*for (a]^*the sugar, as ascertained by the polari- 
met^, and for (b) the extract of any .cereal t^iat may^ be 
' present (7-7 per cent, for wheat, 5-1 per cent, for b^ley, 
0*8 j)er cent, for maize or cornflour, 0*9 per cent, for rice, 
1*98 per cent, fftr sago^ and 0*4 per cent, for arrowroot), the 

residual figures multiplied by ^ will giWthe.dry, fatVree * 

cacao jnatter present. 

If this agfSesi with tfiat obtamed by multiplying the 
corrected nitrogen 20 fthe factor fot tat-free nib), then 
no shell is present. If it does not agree, then the following 
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formula is recoAi^mended ^for calculatiilg the respective 
pmportions : — 

* * ^ *'y =»40 N*— 

where x = the ^percentage of fat-free cacao matter, found 
as above, 

- « « 
y =‘the percentage*’ of fat-free nib, ' 

N — total nitrogen due to cacao matter. ^ 

In a husk-free cocoa containing 12 per cent, of cold- 
water extract, 50 per cent, of fat and 2-5 per cen<,. of nitrogen, 
the two equations will be found to agree, thus : — ' . 

Dry, fat-free cacao matter - *= 50 (1) 

j/- 100- 50- 50 . . (2) 

Bordas has made use of somewhat similar means for the 
estimation of the amount of cacao matter in a preparation ; 

* < 

‘Table LXXXL — Numerical Belalions between the 
Various Constituents of Cacao, 


I 


F 

8 

F 

8 


tjzif* 

U— 8' 

nr- 

c ’ 

~Tr* 

. 

,.4 if -dried ku«k^d bean* : 
Maracaibo 

0-4289 

0-7396 

0-163/1 

0-6185 

0-2645 

Caracas. 

• 0-4074 

0-7273 .. 

0-1678 

0-1247 

0-6125 

0-2577 

Trinidad 

03462 

0-7297 

0-6387 

0-1963 

Guayaquil Machala 

Porto Plata . « . 

0 3683 

0-7330 

0-1297 

0-6379 

0-2()33 

0-3660 

0-7734 

0-148;^ 

0-6689 

0-2247 

Means 

0-3946 

0-7406 

0-1446 

0*3335 ' 

0-2283 

Aft 'dried hush : * 

Maracaibo 

01390 

0-0412 

0-1341 

0-0367 

a 

3 7664^ 

Caracas 

0-1525 

00366 

0-1479 

0-0304 

4-8674' 

Trinidad , 

01616 

0-0467 

0-1466 

0-0399 

3-6413 

Guayaquil Maohala ' 

Porto Plata , 

0-1272 * 

0-0402 , 

0-1227 

0-0362 

3-4827 

0-1860 

0-0797 

0-1728 * 

0-0660 

2-6202 

Means 

01508 

0-0484 

0-1446 

0-0414 

3-4920 

» • , 1 

CAocokste in cakes mixed^with 
sv{iar oniy ; * , 

4-8 n^rks^r lb. . 

0^8838 ! 

^ 7^63 * 

» 

0-1438 1 

t ‘ 

0-6253 

0-2300 

^3476 

0-7161 

0-1314 

0-6220 

•0-2112 

3*2 \\ " ; 

0-3310 

07&26 

>m7 • 

♦ 0-6364 

0-1899 

24 ... 

0 302»« 

0-7035 

%-1141 

0-6232 

0-1831 

2-0 „ • ... 

0-3720 

0-7400 

,,bl298 

0-6617 

0-1992 

Means . 

0-3480 

0-T246 

0-1282 

0-6317 

0-2029 
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thus, in a pure coqpa* powder or.preparatioi^freg from sugar,* 
starch, etc., the following equations should hold good 

I’SO^X (cacao m^fter iusoluble in ^vaffl^r) = 1 = (dry fajb-£ree 
cacao matter), and 2*9^J x (cacao matter in^luble in water) 
= (dry cacao matter). • • 

The factor 32;85, which Is the. value for cacao matter 
^ .insoluble in* water,” found to b,e practically constant for 
eleven differeht vatietieg of cacao, is applicable aleo to cocoas 
which have hpen rendered soluble by treatment with alkali. 
In the estimation of cacao matter in a preparation, 
Bensemann’s ^gures, which are given in. Table LXXXI 
showing the relations between starch (S), fat (F) and the 
insoluble matter of cacao (U), may be found useful. 

» • • 

Estimation of Milk Solids in Milk Chocolate. 

. Estimations of nitrogeii and nitrogenous mat1>ers, the 
chemical and physical constants of the fat and the estima- 
tion of the lactose, present, afford means by which the amount 
of total milk solids in the chocolate can be calculated. Seeing 
that milk solids from full-cream milk contain 25 per cent, 
of fat, 38'5 per cent, of lactose, and about 27'5 per cent. 

* of nitrogenous matters, whilst cacao mass contains about 
50 per cent, of >at (with different ^chemical and physical 
. constants , to butter fat), practically nq reducing matters, 
and about 15*5 i^r cent, of nitrogen-containing bodies, the 
propftrtjohs of added milk solids can b^ readily estimated. 
Bjr careful consideration of the chemical and physical 
con|tants of the fat, it can be^ determined .Whether the milk 
solids were obtained Irom full-cream milk, the Reichert- 
Meissl value bging esjfbcially useful irl determining •^the* 
proportfons^)f the fats,*present. 

’Those methods were reported upon. by the U.S. Depart- 
ment of Agriculture,* ^iclv provided*’ figures showing 

• * • 

/ • U.S. Dept. Agric., Bur. of Ghent., 1914, Bull. 162. 


w.a 
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satisfactory cesuijjs obtained both in^ th« determination of 
lactose and butter ^at in milk chocolates of known composi- 
fioh.^ At th^ same "fcime,e.a incfihod for the estimation of 
casein was suggested, based upon ‘Baier and Neumann’s 
method of extracting the casein, from defatted chocolate, 
by sodium oxalate and precipitating wftk uranium acetate 
in acetic acid solution. The actual method, employed, witho 
the results obtained by five chemists, are given below, ^and 
it should be remarked that the milk chocolates rwere obtained 
from a well-known manufacturer who submitted the^ 9 rmul 8 B 
from whicli the chocolates were made. c 

Determination of CAsein. 

“ Rub 10 grammes in a mortar, with the gradual addition, 
of 1 per cent, of sodium oxalate solution, avoiding the forma- 
tion of.lun^ps, and i)our into a 250 cc. flask, until 200 ccs. 
of the sodium oxalate solution have been used. Place the 
flask on an asbestos board, and heat slowly until the con- 
tents come to a boil, occupying at least 30 minutes in bring- 
ing it to this temperature. During the heating, have a 
funnel, the stem of which is closed by melting, rest in the 
neck of the flask. Pill to the mark with hot sodium oxala“be 
solution, allow to stand, with frecpient Shaking, until the 
next day ; fill t o the mark with sodium oxalate solution at 
20® C., mfx, and filter through a folded filter. To 100 ccs. 
of the filtrate, add <5 ccs. of 5 per cent, solution of uranium 
acetiite, and then, drop by drop, with continuous stirring, 
add 35 drops (or approximately 1*5 ccs.) of 30 per cent, 
acetic acid. Separate the precipitate from the liquid by 
, me^iis of a centrifuge ; wash three t'mes with a solution con- 
taining 5 grkmmes of uranium acetate and’ 3 ccs. ef 30 per 
cent, acetic acid in \00 ccs. This Vashing is quickly^ accom- 
plished by shakmg the''precipitrfte ii\ the Centrifuge bottle 
with aboirt 75 cdB,,of the wash-solution and throwing out 
the solid material by centrifuge,* Finally, wash the precipi- 
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• • * . ' * * • , 

tafce on to a nitr«gen-free filten with th^*washing solution, 

and determine the* nitrogen in 4he prt^pijjitate, multiplying 
this result by 6-38 t© obtafti the ^aseih. • • ‘ ’ 

“ Five chemists, including the referee, tel^ted the method 
as submitted, and in the table below, the results obtained, 
.are indicated. It will be noted that, in the •chocolate con- 
taining most casein, the results are more accurate than in 
th^jt sample containing less casein. The figure’s, however, 
are within a lew tenths of a per cent, of the amount actually 
presey^ in both cases, and it would seem that the method 
promises to b© sufficiently accurate to be Used in the judg- 
ing of the quality of'the class of products to which it is to 
be applied.” 


Casein in Milk Chocolate, 




Casein. 



• 

• 

Caaeln 

• 

Analyst. 

In fat-freo 
substance. 

C^aJculated to 
original. 

original. 

originally 

preaant. 


No. 1. 

No. 2. 

No. 1. 

No. 2. 

No. 1. 

No. 2. 

No. 1. 

No. 2. 

W. L. Duboi.s. BiifTalo, 

• N.Y. 

E. Bloomberg, Galvez 
ton, Tex. . ^ 

H*K. Woodwarti 

L. B. Burmelt, ^j^ashing- 
ton, D.C. . • , 

^W. Tab?ir, WaHhing- 

^ ton, l5,C. 

• 

5-60 
) 5-78 

1 5-7a 
f 5-26* 

\ 5-42 

1 5'59 
\ 5-43 
{ 5-91 
i 515 
( 5-28 

4 84 
4-98 
492 
4-63 
4-58 
5*32 
4*84 
516 
4*21 
4*74 

3*68 

3*90 

3-90 

3*54 

3*65 

3*77 

366 

3*98 

^•3•47 

3*66 

3 24 

3 31 

3 27 

3 08 

3 04 
3*64 

3 22 
343 
2*80 < 
3 15 

32*61 

1 1 1 1 1. *1 1 i 1 : 

” • 

3*91 

« 

1 1 1 1 1 i 1 ! 1 1 

i 


* Ix)w result probably dile to Holution boiling over. 


Determination op Fat (by tlEioHERT-MEiSaL * 

•Value). • • ’ 

The associate^ refer©e*of tlje .iJ.S. Department of Agri- 
culture, *in considefvig this question, effter a* very great 
number of experiments, suggested the use of the following 

84—3 
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formula for «alciflatmg the^ercentagQ of«butter or milk fat 
piesent in tlie chgcqjate 

•Li«t A = gl-ammes^f better fet, 

B == grammes of cocoa fat (cdcao butter), 

0 = Reich*ert-Meissl number of extracted fat, 

>5 ^ Beichert-Meresl number of .cocoa fat (cacao 
butter), . ' 

24 ^ Reichert-Meissl factor for butter fUt. 


Then 


24^ 0;5B 

5 5 


Working out the formula, we get tHis value : — 


from which the following is deduced : — 

Per cent, butter fat in chocolate = per cent, total fat 
^ C - 0*5 
28*5 * 

Total Milk Solids. 


By applying the above methods and the polarimetric 
estimation of lactose, milk solids were determined in fouj: 
cliocolates by the chemists of the U,S. Department of Agri- ^ 
culture. The chocolates were of known* composition, And 
the results* of the analyses are shown in the table b^low. It', 
should be observe4, that no allowance w^s made by^these 
chemists foV the ash in the milk solids, the total figures for , 
which could, therefore, be increased by about 1 per cent. « 


Miljc Solids in Milk Ckocolate, 


f 


Found by analysis. t j 


SMuple. 

i. 1 

OtMiB. 

Pretelda. 

OMelii 

V 1 * 2 ^- 

i 

t 

Batter fat. 

ToUI. 

0 1; 

’ De< 4 uad 

{Htaent. 

« * 

B . 

1 . 

* . 

Per oeat.^ 
3-39 
3-68 
3-94 

Per o«»t. 

. 4-00 
4-60 
4-06 

_ a 

Per cent. 
6-56 
6-68* 
4-89 

Pef cent! 

.479 

6-36 

323 

Percent. 

1658 

17-64 

12-17 

Pwo«it. 

16-26 

17-24 

12-41 
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ADDED HUSK-pTTS DETECTION IN COCQA 
PREPARATIONS 

Pbom the lav cases of the last few years, dealing with 
the question “*What is Chocolate we may readily believe 
that, provided a confection (jontains an amount of cacao 
matter sufficient, in the magistrate’s opinion, to justify the 
is chocolate in this country. It is all very unsatis- 
facj,ory ; the magistrate has no standard to which to work, 
and the solicitors may put forward any nonsetise •without 
contradiction. In 1909, there were two cases which might 
have had some influence upon the standardisation of cocjoa 
products, but we read that the certificate of analyses, which 
showed the addition of foreign fat, did not distinguish 
between coconut fat and cacao butter, and, again, that a 

* statement was made that “ Messrs. Suchard, the well known 
makers, tell youHhat fhocolate is made simply and solely 

* from the cocoa bfan, and there may be^ added*a,8mall pro- 
portion of stlgar^and preservatives — that is chocolate.” 

T!he,fil*8t case was a summons in respect of e sample of 

* jf|#dn chocolate drops, the analysis of which showed 18’6 
per^pCent. of foreign starch, 22*9 per cer#t. of foreign fat, 
and that the fat-free cacao matter contained not less than 
27 per cent, of iy weighf of cacao shell or’husk. ^ The see^pnd^ 
sam)3[i6fls was in respfctKif^ sample qf brotten milk chocolate, 
thft analysis of which showed 12 py cent, of foreign* starch, 
19*25 per cenL df fcrreign* fat«and that ihe fat-free cacao 
matter contained noteless jShan 18*5 per cent, of cacao shell 
or husk. The magistrate imposed a fine of 20s. and costs 
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in respect of*the^;first summons, arid 2s/ and costs in the 
second, after much Ulk betfiveen the sqlicitors as to whether 
a confection containing a percentage of cacao matter (husk 
or no husk) amfeunting to 10 or 11 was suflBcient to justify 
cthe ajrpellation of “ chocolate.” 

Another csm occurred^in 1910, when a*' grocer was sum- 
moned for “ selling a cocoa powder containing 60 per cent, 
of powdered cocoa shells.” The magistrate admitted that 
he had to decide “ Wliat is Cocoa ? ” and adjourned the 
case, in order to have another portion of the powder analysed 
by the Government analyst and to enable himself to look 
u)) the authorities on the matter. 

Apart from the difficulties that must confront the magis- 
trate, the difficulties encountered by the analyst are equally 
troublesome. It is quite an easy matter to determine 60 
per cent/ of cacao shell in a cocoa powder, but it is less easy 
to estimate small quantities, unless a definite method of 
analysis be fixed. The author well remembers approaching 
the customs analysts with regard to this question, with the 
idea that, a satisfactory method might be established. The 
degree of suspicion with which the author was regarded and 
ihb secrecy maintained by these scieijtific authorities 
necessitated approach by another road. 

Most chemists, dealing with foodstuffs^ have been con- 
fronted wifti the problem at some time oi; other,' and one 
mu^t symp^ithise with such workers as Booth, Baker, 
Hulton and others, whose published efforts have alwayo 
brought to light one fact, namely, that the results, obtained, 
depend upon the method of analysis, employed. For this 
.’’eascn, we are aware that the figures^ given yaguely as fibre, 
crude fibre, woody^fibre, cellulose, , etc*., in tables of Analyses 
in foregoirtg chapters of this wfifk, are of little, if any, use to 
the casual reader ,^unless tlie^method ef analysis be given, 
but we are also aware that, with a littSe intelligence, these 
figures are valuable when compared one against the other, 
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provided that the^ have been obtained bjf the* same experi- 
menter. • , 

Further, so far as Uie*chem»t, dealing \^fSfch cocoti *and 
chocolate in a factory, is concerned, we ^krAw that reliable 
figures can be obtained by^ almost any of the I'eco^usedi 
dnethods. jContifiuous practice in handling his ratv materials 
an^ in analysing the finished •products enables him to 
coHnpare his results ag'ainst standards which, of course, he 
must have s^t up. For the ])ublic analyst, tht> ])robl(un is 
less easy — the j)ersonal element is la(*king and his knowdedge 
of factory practice is insufficient — with* the result that, 
unless a standard ipethod is established, the estimation of 
husk in cocoa ])reparations becomes of little value. 

• Ifi the excellent work of Baker and Hult,on, t o whi(*h we 
si^all have occasion to refer more fully later, the authors 
state : “ It is obviously necessary to use very .careful judg- 
jnent in the interpretation of the results by any one or*alI of 
the methods described. In some cases the agreement is 
good, in others the differences, as calculated from the 
levigation and nitrogen figures, are large. In estimating 
considerable proportions of shell, the analyst is on fairly 
•safe ground, but when it comes to such small differenc^ejt as 
separate GradeSfA. and B., the avdJilable methods are quite 
inadequate.” We agree with this statement tp a very large 
extent,* bu% wq, would point out that no worker has, so far, 
taken the trouble to report analyses, if ^one at t^^ll, of selected 
fixtures from straight shell to straight cocoa powder, and to 
correlate the results. This isi, of course, done in every cocoa 
and chocolate*laborafory, using one method most reliable in 
the opinion oijhe suialyst concerned. * . . 

;IftOh£if)ter XXX, have already rt>f erred to a number 
of m^hods recommende*d fdrthe estinjation of added husk to 
cocoa powdeK, "wlikh c&n b^ eaiployed.*with success when 
intelligently used the manner indicated aBove, but we 
propose to offer a few other methods, for examination by 
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thoHe iiiterenfed iivthe Hubjett, and to test' those, with which 
we* are less familiar, 'ourselfbs, when timfe allows. 

' • -r 

^ * 

Physical Methods. 

TJie camps are divided into adherents, of physical and of 
chemical niethbds, of the first of which the most important 
is the levitation method. We have already given the methfod 
tor estimating fibre by the levigation process, as described*by 
Baker and Hulton, based on a method of Macara, adapted 
from Filsinger. In 1910, Filsinger and Botticher * examined 
a method of flotation in a solution of calciufn chloride of 
known strength, that had originally been suggested by Goske. 
Tests wei e made \vith commercial cocoa ])owders and roasted 
Arriba nibs, carefully ])icked free from shell, and on known 
mixtures of this with cacao shell. The results showed that 
separation was by no means complete, e.g., an equal mixture 
of shell and nib yielded only 19*6 ])er cent, of shell by the 
Goske method and r)9 per cent, by Pilsinger’s original 
elutriation method. The correction of subtracting 6 per 
cent,, as tlie mean unavoidable shell-content, led, in the 
opinion of these experimenters, to quite impossible results, 
es})ecially when dealing with very pure cocoa powders. 

IIlri(*h,‘j' in 1911, examined the then-exis^^ing processes of 
determination of shell in cocoa preparations. With regard 
to inicroscopica^l examination, this author remarks that the 
introduction of modern machinery, which is capable of 
reducing the cocoa to a very fine powder, has rendered thiff 
method very uncertain, and no accurate estimation of the 
proportion, present, is possible. Filsinger and Drawees J 
elutriation method was then passed finder examination and 
recorded as fairly accurate when the nib and shell ha& b^en 
ground together, as the resulting particles of shell -werb 

* F. Filsinger and W. Qdtticher, Zeii. offent. Cke^ 1910, xvi., 311. 

t C. Ulrich, Arth. Pharm,, 1911, ccxlix., o24. 

X F. FilBinger and Drawc, Zei/. bffenf, Chtm,^ 1903, ix., 161. 
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considerably larger than those e>f the nib/, whten reduced in 
this way. A factor, J-72, has tc^be used^if the particles fire 
of the -Same size, and^goodf resulips are* then re*corded by'this 
worker. The original factor^ 1*43, by 'vjhifli the weight of 
the shell is multiplied to allow for that part of the shell yhich. 
€S soluble in water, was found fo be insnfficieht, and its 

• incf^ease to 1;72 w^as suggested. Ooske’s method^ of flotation 
in ealcium chloride solution was condemned, as by Filsinger, 
as useless. Ulrich finally suggested a method for estimating 
the fibre, presept, based on the fact that “ cacao-red ” is 
present only ift the nibs. This method w^e shall refer to later. 

Goske’s method, again came under review by Schenk, 
Schmidt and Gorbing,* in 1912, and was again found to be 

• uosafisfactory. The results, obtained by these three experi- 
njpnters, showed that they were dependent upon the tempera- 
ture at which the liquids were centrifuged an(k also, on the 
speed of the rotation of the centrifuge. To show the effect 
of the degree of fineness of the material, it was stated that 

, with very finely ground samples, containing 25 per cent, and 
50 per cent, of shell, the values obtained by Goske's raefihod 
were only 5 per cent, and 7*4 per C/Cnt., respectively. 

► * Dubois and X<ott,*j* in 1911, had already found Goskfe^s 
method to be only appfoximately accurate, when the precise 

. fa(*tor for the ad^ed shell was known, and quite .unreliable for 
determmation of husk in commercial cocoa powders. 

Thq ^idence against Goske’s % metSod for estiraaticgi of 
l^psk in cocoa powders by flotation in calcium chloride* solu- 
tion is generally so strong Uiat it is unnecessary to give 
details of his method here. There is, however, a later water- 
modification ot^his f)rdces8 ^devised, described by Grosse §f 
whfch* 1;oneeivably, is an improvempnt. .Grosse recommends 

* • * • 

* A. Schenk, f?Sahmid|( and .f^Gdrbiiig, Ze*t. iiffent.JJhem.y 1912, xi, 201. 

t W. Jl Dubow and Lott, Jgur, Ind, Eng. CKpm^ 1911, iii« 251. 

X A. Go«ke, Zeitsch. Na^r. Qtnmmn., 1910, xix., iSi. 

$ H. Oroase, Chem, ZeiL^ 1915, zxxix., 816. 

m 
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the following treat'iptiont : From 1 to I'S^grafnmes of the cocoa 
ati^ground with 2Ct, cc8. of water, bailed and centrifuged 
(about 500 r.f).m.). The liquid' portion is decanted, the 
sediment mixerf with 25 ccs. of hot water and again centri- 
fuged^. The sediment, now obtained, is found to be divided 
into two ])0rti6nH by a wllrite layer, the upper portion being 
cacao mass, the lower and dark brown portion the ca^^ao 
shell. The upper layers are removed, the lower layer twice 
centrifuged in a small tube, transferred to a basin, dried and 
weighed. The sediment should be ground and cent'ri/uged 
again, if large pi'eces of (*acao mass are found in the shell 
layer. The amount of shell, so obtained, is multiplied by 
three, to obtain the actual quantity present, as, by this 
treatment cacao shell loses two-thirds of its weight. By this 
method, a cocoa powder, yielding a sediment correspondiiig 
to 6 per cent*, of cacao shell, mixed with 38-3 per cent, of its 
weight of cacao shell, showed, on analysis, 31-6 per cent, of 
added shell. Doubtless, by systematic standardisation, this 
method (‘.ould be modified to yield fairly accurate results, and 
it will be observed that it is very similar to that adopted by 
Baker and Hulton. 

‘ Kalusky * found that the cell-tissue of tl^e nibs, obtained" 
by treating the fat-free substance with diastase and, subse- 
quently, with hydrochloric acid, varied in specific gravity 
from l-llSi to l*350i3 (usually 1*25), whilst Jhat ef the husk 
lay ^between^ 1*4324 ^nd 1*9337 (usually 1*50). Separation 
was possible in a mixture of chloral hydrate, glycerol and 
water (H.G, at 17°tC. = 1*41 5)„ and a mixture was eventually 
selected having a specific gravity of 1*5. 

4 The method ^adopted by Kalusky js as follows : — One 
gramme of the diy, fat-free powder, (completely extracted 
with etkef) is boiled fpr five minutes with 500 ccs. of y^ater, 
then cooled to 65® G. and maintained at this femperature for 
one hour, after the' addition of a^small quantity of diastase. 

L. iUliisky, ZtUsch, Ntihr, Oenusitn., 1012, xxiii., 654. 
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Twenty-five cos. df 25 per cent.*hydrochloj!ic add are added, 
and the mixture hoyed for thiirt^y miantes. The insoluble 
matter* or tissue is •fiHerefl through %> weighed lilter-^)aper, 
washed with hot water, dried for two hourg^ at 100*^ C. and 
weighed. The dry tissue of fibre is detached from! the^filter,. 
iground finply irt a mortar and* again dried. 'A weighed 
pof'^ion is then mixed, in a suitable tube, with 20 cos. of 
the medium (prepared* as described below) and centrifuged 
for five minutes. 

The medium is prepared by mixing 210 grammes of 
chloral hydrate, SO grammes of glycerol and 35 grammes of 
water, and should have a specific gravity of 1*50 at 17® C. 
More chloral hydrate or water, as the case may be, is added 
to seftiire the desired specific gravity. 

The portion of tissue, settled to the bottom of the tube, is 
separated, mixed witli 100 c.(^s. of water, collected on a filter, 
•washed with hot water, dried and weighed. The weight of 
heavy tissue, thus obtained, is calculated as a percentage of 
the original cocoa, and the result is multiplied by three, to 
give the percentage of husk present . This factor (3). was 
obtained after many estimations of heavy tissue in cacao 
‘Viusks. When hpsk is absent, the whole of the tissue is foUnd 
floating on the surface'of the medium, after the mixture has 
be*en centrifugec^. • ^ . 

Finally* thore is a method described by Wasicky and 
WifTimef * for accurately estimating shell in ground cpcoa, 
yhen less than 10 per cent, is present, by the use of ultra- 
violet light and a special form of mi<?roscope, made by 
Keichert of Vienna. The method is based on the fact that, 
when examinecji in •uhft’a- violet light, pt>wdered cacao-bean 
appeifs vk)let-blue,^ whilst powdered have a brownish 

^pearance. . * ^ • • 

0-01 grammelaf coc*oa w treated with 5^cs. of mixed alcohol 
and glycerol for oife. hour,* the mixture centrif Aged, and the 

* R. Waaioky and C. Winuner, ZtiUch. Nahr. Oenussm,, 1915, xxz., 25. 
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lio[uid roplflced by*',! cc. of solution of .biSrax &nd glyoorol. 
Th(J niixturc is well stirred, <ind one drop “is examined under 
the microscope, on a glass ‘elide protected by a cov§r-fllip. 
Cacao nibs and iiis paste give fine violet-blue colouration, the 
ehell appearing brownish. The shell also shows a mucila- 
ginous tissue (vf a. colour 'varying between dull white and ■ 
yellow-green. 

By comparing the sample against standard slides, 1 per 
cent, of shell can, it is claimed, be readily detected. 

‘ Chemical Methods. - , 

II. is impossible, in this jdace, to consider all the chemical 
methods suggested for estimating husk in cocoa. There has, 
however, been much recent work on the subject which caiinot 
be discussed without, a cert,ain amount of retrospection. 

Ulrich,* in 1911, surveyed the then-existing methods for 
determination of fibre, with the following conclusions 

(1) Microa(^opical method. Uncertain, owing to the fine 
comminution of modern cocoa powders. 

(2) Elutriation method of Filsinger and Drawe {Zeit. 
opnt. Chem., 1899, v., 27, and 1903, ix., 161). Fairly 
accurate only when the nib and shell have been ground' 

•together, the resulting particles of the- latter- being consider- 
ably larger than those of the former. Ulrich s conclusions 
have been considered earlier in this chapter. 

(8) Flotation method in a -solution of calcium ^3hlo£ide • 
(Goske-s method). Valueless. 

(4) Chemical methods : (a) Proportion of shell and nib 
soluble in silicic acid {ZeUsch. Nakr. Xknusm., 1906, xii., 
95, and Zeit. agent. Chem., 1908, xiv^, 166) ; {h) Alkalinity 
of ash and content -of total albumin igfiur. Soc. Chem; ini., 
1906, 341) f (c) Iodine value of *tne fat (Zeit. Oflfent, Chem:, 
1901, vii., 500) ; (d) Content of crude fibre oi o'etlulose (Jour. 
Soc. Chem. l<nd., 1890, 421, 978;' 1892, ':944; 1906’, 1069; 

• C. Ulrich, ilftA. PHarm., 1911, ocxUx., 624—697. 
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ZeUsch. Nahr. Qeii^sm., 189g, 19Q3, viii., 769*; 

1906, xii., 159; J907, xiii., ^66; Scfiweiz. Woch. 
Pharrgit,, 1902, 4621t; (e) dConte^t o^pelTtosan and methyl- 
pentosan (Jour, So<fi^Chem. Ind., 1901, ^96; 1902, 875; 
1903, 114). All these meth’ods are deshribed by- Ulrich as 
either valueless Qr*not sufl&dently delicate to detect relatively 
small prpportions of shell. Uliich’s proposed new method 
did not, ho^X^evei^, carry us much further for, as far as can be 
judged froEouhis figures, only 10 per cent., or upwards, of added 
husk eould be determined. His method, which is based on 
the fact that ** eacao-red ” is found only in tlfe nib, is as 
follows : — • 

One gramme of *the material, freed from moisture and fat, 
^ndivery finely powdered, is boiled for three hours with 
120 CCS. of acetic acid (50 to 51 per (^ent.) under a reflux 
Condenser. After cooling, the mixture is made up tjo 1 50 ccs., 
at 15 °C., with water, well shaken and allowed to stand^for at 
least twelve hours. The liquid is then filtered through a dry 
filter-paper into a dry flask, and 135 ccs. (equivalent to 
0*9 gramme of the original material) of the filtrate are mixed 
with 5 CCS. of concentrated hydrochloric acid and 20 ccs. of c 
20 per cent, solution of ferric chloride. The mixture is boiled 
for ten minutesjundei; a reflux condenser, rapidly cooled and 


• • 


a i» 

Average amount ol ferric chloride precipitate. 


CilboA. 

From roasted oibe, calculated on — * 

• 

Fibm imroaatedhill)*, ralcu^tjd on — 

m * 

Number of 
analyaea. 

• 

Dry, fat'free 
* material. 

a 

. 

Number of 
analyAa. 

Dry, lat-freo 
material. 

Original 

nib. 

Guayaquil . 

*Ax;cra . 

^ Aniba 

Baliia 

O^lon 

Samoa * . j 

S. Thom« . 

mm\2 ' 

12 

A • 

18 

-•*1 , 

12 • 
18 

Pqf oeiit. 
10-11 , 
,14-11 
1^82 • 
13-50 
11«9 
► 13-71 

14<34« 

• 18*74 

Per cent. 
7-479 
6-14.3 
6*337 a 
* 6-998 

6*47# 

• 6*4«0 
6*698 
6*119 

. • 
a 

Per cent. 
,16-67 

14-82 

12 82 • 
12*40 

¥*90 

13-26 

Per cent. 

^ 312 

6-294 

5- 842 

5 591 

6- 492 
5-918 
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*left for at le^st six hburs, Tjiien the p/ec^itate is collected 
oi\ a weighed filter, washejj with hot water, till free from 
WD, 4ried for sii hours^ at 106° C. and weighed, the 
weight being calculated as a percentkge of the dry, fat-free 
substance. 

Ulrich found that, with the Exception of Guayaquil cacaq 
nibs which gave high results, and of Bahia cacao* nibs which c 
gave low figures, considerable uniformity ej^isted in the 
amount of precipitate, obtained. This is shown in the 
above table of results. 

Ulrich, however, relied upon greater unifoi;mity in cocoa 
powders, which are seldom made from one quality of nibs only. 

In 1912, Greifenhagen ♦ discussed the filtration of the hot 
solution, ill Kbnig’s method of crude fibre estimatioii, . 
through a special asbestos filter by the aid of suction, 
Grossfeld,! in 1914, however, preferred filtration of the 
glyccrol-sulpliuric acid mixture through asbestos in a Gooch 
crucible without suction, as the fine particles tended to 
penetrate the layer of asbestos. 

In 1916,J the following official German methods were 
published for the detection of excess of cacao shell in cocoa 
powders: — 

Moisture : — Five grammes of the cocoa powder are mixed 
in a flat basin with 20 grammes of ignited sand and dried at 
106° C. to* constant' weight, or nearly so,‘ but .‘the* drying 
should not be ^rolon^ed more than four hours. t ^ 

— ^Five grammes of the cocoa are placed in an asbestog 
filter-tube, 4 cms, ifi diameter (the asbestos is supported on a 
small filter-plate having holes about l*mm. in ’diameter) ; 'the 
lower end of the tube is ‘inserted into ^ hole in the rubber 
stopper closing a^ter-flask, 8tnd tl^e filter tube k^fiUed 
with etbeiv As 86on‘ the 'ettter Begins to di;op into 

C* « 's. 

• w. Gredfenhagen, NaJir. i9X2, xxiu.. 101. , 

t J. Qrooafekt ZrUnch. Hdkr. OemuMm,, lof^ xxms^ fes. 

X 0km, Z*U.t 1916, il., 969, txtncUd by Jour. See, Ohm Ind., 1916, xxxr., 1269. 
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the hask, suctio|i fs^ applied, -ii further ^qua^tity of ether* 
is added, and so»on, using about 10 ccs. of ether e|tch 
rime, lentil 100 ccs^bf etl^real extra^^'t havej^een colJeeted. 
This ethereal solution'is evaporated, and tjie residue of fat 
veighed. • » . . 

Crude Fibre.^r-The residlie reiaaining in tjie filter-l^ibe is* 
rqed from* ether, and, together .with the asbestos, is trans- 
erred to a* flask *and boiled for one hour under a reflux 
i.ondenser wjth 200 ccs. of 1*25 per cent, sulphuric acid. The 
nass^i* then collected on an asbestos filter, washed with hot 
water, again, tf*ansf erred, with the asbestos, t© the flask, 
boiled for one hour with 200 ccs. of 1*25 per cent, potassium 
hydroxide solution,* then collected on an asbestos filter and 
, waslled. This treatment with acid and alkali is repeated. 
The mass of crude fibre, obtained finally, is washed with , 
aTcohol and ether, transferred to a platinum basin, dried at ; 
105° C. and weighed. The contents of the basin are* then 
ignited, and the residue again weighed ; the difference 
between the weights gives the crude fibre. The asbestos, 
used for the filters, should be treated previously with boiling 
dilute sulphuric acid and, later, with dilute potassium 
hydroxide solution, washed, dried and ignited. If .the 
amount of crude fibre, found, exceeds 6 per cent., calculated 
on tfie dry, fat-f ree . cocoa powder, the sample contains 
a quantitjf of *811011 in excess of that which should be 
preaent^ ^ 

PJlosphaies . — Twenty grammes of cocoa arb incinerated 
ht a low temperature, the carbonised ma^s is collected on a 
filJer, and its eontentf^are ignited to a white ash, to which the 
filtrate is added and evaporated* to diyness. After gentle 
iguitian, tj;ie f^'sidue is trealred with a fejy *drops of hydrogen 
peroxide and 10 cc's. o>*2^ per ceftt. hydrochloric fwsid ; the 
mixture is qyapprated drynesi, tfie Residue treated with 
hydrochloric acid And hot water, and ^he solmtion filtered. * 
The filtrate is nearly neutralised with sodium hydroxide 



544 


COCOA A^fD CHOCOLATE** 


‘ solution, using methyl orange as ihdicdtof, then heated on 
a Yater-bath for 6 minutes, a further small quantity of alkali 
bteingeadded, i)ut io that the solution* §t ill remains jilightly 
acid, and the jyecipitated iron and aluminium phosphates 
^ arer collected on a ‘filter ; the ‘filtrate and the washings are 
diluted to.lOQ CCS. To ^eternline the ^luble phosphates, 
10 CCS. of this solution are mixed with 30 ccs.’ qf neutral 
40 per cent: calcium chloride solution, a fe^ drcfps of phehol- 
phthalein solution are added, and the mixture is titrated 


N . 

with ~ sodium hydroxide solution, until a distinct red 

10 ^ ‘ ^ 

colouration is obtained ; the mixture .is now maintained at 
15® C. for two hours, and the slight excess of alkali is titrated. 


Under these conditions, 1 cc. of alkali solution is equiv^a- 


lent to 4*75 mgrrns. of PO 4 . 

The insoluble phosphates are determined as follows : — 
Thirty ccs. of trisodium citrate solution (200 grms. of the salt 
dissolved in 300 ccs. of water) are placed in a flask, cooled 
in ice-water and, then, exactly neutralised, using phenol- 
phthalein as indicator. The filter, containing the precipitate 
of .iron and aluminium phosphates, is introduced into the 
flask, the mixture is heated on a water-bath for 20 minutes, 

N ' . 

then cooled, in ice- water and titrated with sodium 
« • * «.10 

hydroxide solirtion;^in this case, 1 cc. of the alkali soljition 

is efpnivaleift to 9’5‘ mgrrns. of PO 4 . The results of both 

determinations are calculated into percentages of the cocoa 

powder. With a cocoa powder free«,from excess of shell, 

the quantity of in^lubl© POi will not exceed 4 per cent. 

of the total B 04 .‘ 

In Keller ♦ sun eyed ,Uie*^irari©as methods of esti- 
mating shell in Qocda jowders, ’.since he found "tKat all 
' cocoas, exaviined hy him'** during thq last six .months,” 

* t « 

* 0 . KeUer, Arch. PAom., 1917, oolv., 406-419. 
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had been adultejattd with hHjjjji. xnis •wor^Ler aevisea a 
method based upoi 4 Iiis observation that tfie ethereal extr^^cts 
of pur^ cacao nibs j?ere colourless o% faliitly»yellow, .whifet 
the extracts of the hif^s were distinctly bn^wn {Apoth, Zeit., 
1915, 560). His method is bViefly as folJows : — 

^ Two grammes fif the cocda povider and 15 ccs. of ethbr are 
shaken tj^ther for twenty-four, hours in a well-stoppered 
vessel at the oMina»y temperature, the shacking being 
discontinued, during the last two or three hours. Ten ccs. 
of the supernatant liquid are transferred to a test-tube and 
filtered through kieselgahr, rejxuitedly, i^ necessary, until 
a clear filtrate is obtained, into one comparison tube of a 
colorimeter. The test-tube and filter are washed with a 
quantity of ether, so that, after the washings have been 
added to the solution in the comparison tube, the li(iuid 
h3^ a depth of 5 cms. The sec )nd comparison tube con- 
tains water, having a depth of 5 cms., to which is added ferric 
chloride (the liquid must be freshly prepared from official liq. 
ferri sesquichlor. and contain 0-1 gramme of iron in 100 ccs.) 
until tliQ colours of the li(|uids, viewed from above, have tlie 
same strength. The comj)arison is re})eated, with the dilTer- 
ance that the quantity of water is diminished by a volume 
equal to that of the ferric chloride solution added. The 
vokime of ferric c^loridja solution, required, increases with the 
husk-conte/^t of *the powder. Pure caCao nibs, ’containing 
54 p^ cept. of fat, require 2-4 ccs. of tli^ ferrib chloride solu- 
tion ; pure husk-free powder requires f-4 ccs. ;^pure iihsks 
Inquire at least 3*5 ccs., the average value feeing 4*4 to 4*5 ccs. 
Th^ author wa^of the opinion that powders, containing 20 per 
cent., or more, of fat^ a^d requiring’ 2*5 ccs., or more, of the^ 
ferrjc iibloryie solution, had been adulterated with huskl. 

8tim|Ptioii of ^itfre. 

Baker* and Hultgn estimkxed the fibre by ireating the 
defatted material witli 1*25 per cent, solutions of acid and 



646 


'cocoa Alw chocolate' 


n u 

alkali, and made Qse of (lie following formula for calculating 
lJi« j)ercentage of ^<liell in tk<s samjde ' 

/ *71X160 . 1-00- 

Vl00»-(F+M0 


-S' 


. wluTO 

f 


IM 


% ^ 

S ~ ]>or(*eiitage of shell on sample. 

K =‘- ])(^r(‘enl-ag^f^ of fibre on sample. ^ 

F pereeiiiagtr of fat on san^jile. 

W - ])er(‘enfag(^ of water on sample. 

5*7 - })er(*enla-ge of fibre in dry, fat-free nib. 
10*8 ~ ])ercenlag(‘ of fibre in dry, fat-free sbel). 


Estimation of Nitrogen. 


The nitrogen figiin* was estimated by Ibe Kjnidahl- 
rinnning inetbod on 1 gramme of the sample, the following 
formula being used : — *** 

-S.-2-]7(iOO-{F + 1F))-.W’ 

where S ' ])ere(uitage of shell on sample. 

]HU‘(*enfage of nitrogen on sample. 

F and IF as before. 

. 4*1) -- Nitrogen in dry, fat-free nib. 

2-()4 Nitrogen in dry, fat-free shell. 

The eonelusions reached by Bak^r and Hulton were in 
favour of Mie levigtition method, showing on(;ti 'more the 
diversity of ojunion .among the analysts. , , 

iFallenberg,* in 1918, did not further our knowli^dge tp 
any great extent, This experimenter estimated the crudb 
cellulose, free from lignin, and found in. cacao rubs of different 
origin from 3*68 pe? cent, to 5-27 pe^ cent., with an average 
of 4*44 per cent. .Cacao husk ‘yielded 9*5 per cpnt.,to 22*4 
per cent., ^’ifh an’ av^fage per cent., and it 

considered by Fallerlherg that qecoas yielding more than 
5*5 per cenfr-., calcillated on dry,, fat-free material should be 


• J. Fallenberg, Mitt. 8chu?eiz. Qeeund., 1918, 277. 
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considered to De* aatiiieratecl. ’ Tlie ineyiocl lie employed 
was to take 1 grantiye of cocoa 2 gmiyimes of chocoliftf, 
extract* with ether ahd^dry*iii the water-oven* Tiie pWder 
was mixed with 30 ccs. of nil^ric acid aiu} afided to 120 ccs. 
of boiling nitric acjd, and t^ie whole boiled for teii mimites, 
with constant stirring. Tlie inixTure was tiltertkl through 
a Gi)Och (^ucjble Ijned with asbesfos, and the residue waslied, 
su(K*essively, with hot water, 1 })er cent, solution of sodium 
hydrate, hof water, hot nitric acid, water and ammonia 
solution. Finally, (he residue was washed with^hot water, 
t,wice with ak*ohol and with (‘tlua*, dri(^d for an hour in the 
water-oven and weighed. Tlie weiglit of the ash in the 
residi^e was deducted fioni the total, and the result was 
consiflered to be cellulose, free from lignin. 

^ Still more recently, Hoejuier* has considered t he question, 
and we are of the opinion that his conclusioins are more 
nearly in tlu^ direction of solution of the jiroblem than 
those who rely upon mechanical separation. The broad 
generalisation of his conclusions, however, rather mar his 
results. 

Hoepner has stated that, if the crude libre exceeds 
*6 per cent., the iron oxide 0*1 jier cent., and the dry acld- 
ihsoluble ash 0*5 per t*ent., all calculated on tlie dry, fat- 
sugar-free matei^al, the cacao product contains an excess 
of shell. The example given is of a samjile containing 
10*1® per* cent, of crude libr4^. Tlie (Jifferencf^ between (j 
j^er cent, and this figure [-= 4*1], multiplied by 10, gives the 
actual excess of shell present^ i.e., 41 jier rent. 

It will be*seen tffat such a method depends upon a 
standard method fcH* ^timation of cruVle, fibre, and, ^until 
thi} \Mi been done, we* cannot see^mucJ1*hope of obtaining 
c&nsisteiit results. ’We agred entireiy^with Cribb’s i*emarks, 
to be found aft\lre conclumon pf Baker arid Hulton’s jlaper : 
“ I am stlir of the of kiion itiat the mos^ satisfactory method 

* K. Hoepner, ZeiUch. A'ahr. GenuMm., 1919, xxxvii., 18 <>11. 
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of ascertainirtg tHf proportion of shell «ocoa or mce versd, 
is 'by taking intorfoi^isideration as many estimations of the 
constituents Bearing (5n the proKem as* possible. NO single 
estimation affoitis sufficiently reliable information. Though 
the levigation process may, with further experience, prove^ 
to be of the greatest valhe, it has become, in my opiniop, 
less accurate since the present custom qf grinding* cocoqt so * 
finely came into vogue.’' 
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PR^VISIONAIt DHPINITyONS AND STANDARDS •OF CACAO 
AND ITS PREPARATIONS • 

(l)«PuRE Ca^ao Mass, Paste, or Bitter Ceivcolate. 

To consist of th^ crushed nibs of roasted and husked 
cacao beans only ; it must not have been treated with 
alfcalii or have been partially defatted. 

To contain not less than 45 per cent, cacao butter. 

,7 ,, ,, more than 4 per cent, ash or mineral matter. 

(Batio»of soluble to insolubld ash 
not to exceed 2:8). 

,, . ,, ,, „ 6 per cent, moisture. 

„ „ ,, „ 2*75 per cent, pentosans. 

,, „ „ ,, „ 13 per cent, starch {which must be 

-• ascertained to be due to the 

cacao only, by m’eans of the 
microscope). 

To be* fBee from added or included husk, cacao butter 
substitutes, starch, sugar, flav^Euring matter, *et(^. 

(2) Pure Cocoa Powder.! 

To consist af partitSly defatted, pure cacao mass only. 
To contain not iry)ra than 6 per cent^ o^ moisture. 

' • * * • • , 

* frhe provisional sUndar^. ftiv|» liyein, are aspj^ntially the same os those pro. 

poiSItl author at the Congn^ss oiC^oa and Choo«laU* Makers, held a? Berne, in 

August, 1911. ^ •“ 

t All cocoa and chocolate preparatipns^exclusive of .cifcao masg# paste, or bitter 
chocolate and cacao butter) Aiay contain small quantities of harmless flavouring 
matteiB, which shall not include alkalis and other mineral chemicals. * 
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* ' » 

To contain nt»t nfpre than 5^' per cent., ot ash or mineral 

-» matter (to 'show an alkalinity 
not* exceeding 3 per ^tent.- as 
K^O on the dry, fat-free cacao 
matter). 

^•5 })er cent, pentosans. 

5 p(‘r cent, starch (whioii must be ^ 
ascertained to be due to ,the 
cacao only, by means of the 
microscope). 

To be free from added or included hhsk,»alkali, starch, 
sugar, etc. 


(3) “SoLrBLE'’ Cocoa Powder. 

To consisii of “ pure cocoa ” powder (as above) treak^d 
with alliali.' 

To coiifoiin with tlie standards of pure cocoa powder, 
with the exception that the ash-limit may be increased to 
7 i^er (Halt ., tliough the alkalinity may not exceed 5 per cent, 
estimated us K.^) on the dry, fat-free cacao matter. 

(4) Pi’RE Cacao or Cocoa Bt tter. 

To con;^ist of the expressed fat of pure^cacacj mass only, , 
or, if extracted from the husk, to be so declared, 

,To conform with the British Pharmacopceia standard of 
purity, and to give chemical and physical constants falli^^ ' 
within the following limits r , , 

r , 

Zeiss butyro-refractometer value at 40° C. 46° — 47° 

Saponification value . e* 192°~195° 

lodiije "Vialue ' . , ^ . ^4° — 4^^ 

Reichert-Meissl value ♦ . . . .... 0*2°— ^*9° 

To be free from all animal and foreign vegetable oils and 
fats. 
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• • • 

(1^) Chocolate* Povvder^^ • 

The word “ pure ’• to be a])pfied ouh".4o those ehocoJfKie 
powdet% which (*ont^ip^]>ure cucab mass and fine cryst S-llised 
sugar without further additions. , • • 

A removal of a portion /)f tla^ fat from the cacao^nass* 
should not Jbe alfo wed. * 

Pure* Chocolate Powders, 

To contain iA>t more than 70 })er c(‘nt. of sugar. 

,? • * ,, Jess than tK) per cent. ))ure cacao mass 

(es.'imated t(* contain fiO jau* 
cent, cacao butter). 

Tlie proj)ortions ot moisture, ash, starch, ])entosans, (*tc., 
will be in a('(*ordance with the amount of cacao matter used. 
^ If stare] 1 is added, the })Owder must, not be labeiltal 
“ l)ure,” and the nature and (Quantity of the sjarc'h? added, 
.should be c](‘ar]y stated on the label, wra])per, etc.* TIh^ 
extent of defatting of the cacao mass (if such has been made) 
should also be stated. 

(6) Sweetened Chocolate. 

The term chocolate ” (with or without, tlu' v^ird 
swijetened ”) #to b(e applied onl^^ to thosc^ * prejiarations 
winch consist of pure cacao mass, fine crystallised sugar, and 
additi 0 naf*caci 4 o butter (if desired) only. 

To ^ont«,in not more than fi/i per cent.*of sugar^. 

,, ,, less than 32 p(?r cent, of pure cacao mass 

((estimated t o /contain 50 per cent, 
cacao butter). 

The proportions o> moisture, ash, stmryh, pentosan^J, etf^., 
w^ll ifi«,ccordance*with flie amount Of cacao matter* used. 




To cofisist of puye caoao mass, fi^efy divided sugar and 
the solids of milk only. 



?i62 . POCOA AM CHOCOfuA^TE 

The solidfi of milk Hh(fuld be obtaineH from full-cream 
n^Jk, and should bv free frctln antiseptu'/. 

To'contain^not less^thaU IS'pei* cej,\trof milk solicife. 

,, , „ „ 3*75 per cent, of milk fat. 

„ .. 5*5Q per cent, of milk sugar. 

„ ' „ „ * 3*75 per cent, of pr(Jteids (over* 

, * and above, that^ d&e to 

cacao matter present). ' 

If no other fats than cacao butter and milk fat are present, 
the fat, extracted^ from a milk chocolate containing 25 per 
cent, milk solids, 10 per cent, cacao ma^s (containing 50 per 
cent, cacao butter), 15 ])er cent, added cacao butter, 50 per 
ceni. cane sugar, will show the following chemical* and 
physical constants : — 


Zeiss buiyro-refractometer value at 40'^ C. 
yaponifi(‘atk)n value . , . 

Iodine value ..... 
Reichert-Meissl value .... 


45*5 
199*4 
35*6 ■ ‘ 
9*23 


(8) Covruing-Chocolate. 

^0 consist of variable quantities of pure cacao mass,*, 
finely crystallised sugar and additionaj cacao butter only. 

(9) MAi.T, OTHER FaNCY ChOCOLAT,ES. 

To consist of variable quantities of pure cacao iqass, 
sugai*, iiuts, fnalt, ett., and to' bear a label indicating ■ the 

nature of such additions. 

I 

f < 

(10)^ Chocolate Bonbons. 

^ Tdf consist of fpndants,” fruit jellieSj^' etc.,, cqyerpd 
with purf corering-choepkite. , 
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262-266 ’ 

— detection of, 434 548 
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iSeoddtea cephalotes, 54 I 
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^111 * > 

output of, 21, 104-107 I 

Agriculture of cacao, 38-57 1 

^Air-extracting machine, 238 
Albizzia, as shade for cacao, 50 
Albuminoids, or proteid matter, in husk. 
^397 

— in kernel, 409 

— estimation of, 609 

I* Alcohol from cacao pulp, 74-76 
•Alcoholic fermentationt 70-74 
Xlkahn^ty of commercial coco# ixiwderH, 

• 185, 187, 188, 192 

— estimatkinsDf, 482 • 

— provisional * regulations concerning 

1 « 7 , 193 

Alkalis, Application of, 176-182 * 

^^ikalised chocolate, 283 

— powders, 175-183 ^ 

Alkaloids, estimaticn of, 498 m 

— present in cacao, 395-397, 410 

"Alligator ” cacao, 32 « • 

An)ploiia4o ^ ^ 

Anierican cacao, chaAuitcristics o^4)2-^ 

— dffutput of, 21, 02-99 c> , 

Amorphous ” 8u|a!l’, 932-^6, 44^13447 
Analyses of <Afirican nibs, 1:^1, 138, 149 
BhelU, 121 


Analyses of American' chocolates, 268, 
298 

ash of cacao husks, 393, 394 

kernels, 148. 407, 408 

' — Bahia ni^s, 121, 138, 149 

beans before and after fermenta- 
tion, 62, 65 

- - Carac'as nibs, 121, 122, 136, 138, 
140 

- — shells, 124 

Carupano nibs, 121 

- — • Tcylon nibs, 138 

shells, 139 

» — chocolate co\oring, 327, 328 
— fondant,” 267, 268, 271 

- milk, 290 -301 

plain, 261-273 

powders, 273, 274 

- - - cocoa powders, plain, ‘* soluble,” 
and dietetic, 185~2(M) 

— condensed milk, 319 
- date chocolate, ^06 

I — -- germ, 125, 148, 421 

I (Grenada nibs, 121, 138 

I tiua^aquH nibb, 1,2 1, 136, 138 

! shells, 139 

^ I husks of raw cacao, 124, 125, 372 

' — — ■ kernels (nibs) of l^wcacaM, V19-125 

!• of roasted cacao, 136-139, 400, 

{ 401 ^ 

; - — .Java nibs, 121 

! — Martinique nibs, 1 39 

I - milk Jxivfder, 318, 319 
j — - Para •libs, 121 

! — - w — shells, 380 

I tjyerto OabelJo nibs, 139 

I ! sheHs, 124 

roastud cacao, 1^39, 375 
j soiV, 40 
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AnalyHos of Surinarf nibs, M 12, 137 # 

— 'rrmidad n^bs, 121, 13b, ^137 ^ 

* shfllH, 124 ^ ^ 

AnalyhiH, ^methods of, of ttlbiiininoidK, 5#9 
ash or niH|^‘ral matter, 480 

__ . -- (sbluble), 4*M> 

f (insoluble), 481 

- eaeao rifiitter, 527 * 

. — cac ao- red, 497 ^ 

-- — caf^'ine, 498 

cane su^ar, 517 

- ~ cellulcme, 493 

- enule libre, 489 

- fat , 448-478 

- — fibre, 488 ' 

- - lactoH.', 520 

irnlk HU^ar, 520 

- momture, 479 

- nitrogcm, 509 

- orpitnc' acidn, 502 
oxalic acid, 503 

-- pent osans, 494 
^ redui^-inj' matters, 507 
- - - - starch, 51 1 

- - tartaric acid, 503 

theobromine. 498 

- water extract, 487 

_ . — xanthine base's, 498 

Ants, jiarasol, 54 
Aphides, 55 

Arotaa, methods of obtainiiifj. 341 -.15.1 

— of different cac-aos, 92-108 
Arriba, (luayacjuil eac'ao, charac teristics 

of, 92 < ^ 

Ash fnmi c'ac ao, eomiKwition of, 148, 393, 
394, 407, 408 ' ^ 

— fro^i eoeoa i^vders, c-omrosition of, 

185,*HK), 192, 419-423 
Asiatic cacao, chanicteristics of, 107, 108 

— •— output of, 21, 107, K)8 
Automatic chocolate weighing machine. 

238, 251-257 

^veragl dimensiouB^of caeaci beans, 116 

— weights of cac^ l>eanH, 1\0, IH^ 

Bacteria, in fermentation <jf cacao, 70. 88 
Babia eaeao, ehnracteri8tic| of, 97, IH, 
113. 114 ^ c 

output of, 97 


Bananas, ai fatdi crop, 51 
Bark, preeaut^ms eonceriiing, 51-57 
Bassia tallrw, jihysical and chemical 
f * ^constantf. of, 478 ^ 

Bastard vanilla, 348 

Battery of cocoa butter presses, 170-172 

— of refiners, ^07, 210 

- *^of tapjiing tables, 246, 

“ Bailsman Disc " Hedue(^f,^28 
Refiner, 2;J9 , 

llc'ans, analyses of cacao. See Analyn^s. 

Beef fat, physical and cjiemical constants 
cd, 478 ^ 

Bec'swax, physical ,and chemical con- 
stants of, 478 ^ 

Bcvtles, cac-^o, 54 

Belgian ('ongt* cac ao, output of, 21, 107 
Bensdorp eoeoa, analysis of, 188, 192 
Benwiin gum, as varnish forchoc-oRte, 353 
Berbic-e cac‘ao. c-haraeteristies of, 96 
Bibliography, .553-555 
Bisc uit covering, 324-340 
Bitter ehoeolale, 167 
Bjorklund's idher test, 457 
Black rot, 51 

Blookc'r's eoeoa, analysis of, 187, 188, 190 
“ Bloom ” on tlioc*olate. 260 
Bois immortel, 49 
Books referred to, .553 
Borneo tallow, physical and chemical^ 
constants of, 478 

Botanical^ description, 33 ' 

• Bramigk*’ ball rf.achine, 231 
Brazil cac'ao, charact-enstu’s of, 96 

output of, 21, 96 , 

Breaking pods of cacao, 64 ^ 

tButter. cac ao. See Cwm buihu 

— — prt*ss, 170 f 

Butter fat. physical and chemical con*^ 

• stants of, 478 

r * 

(>CAO, Accra, chat ao+eristics of, 106, 111 
--- African, characteristic.! ot,' fc)4-*07, 

' 

— agriculture of, 38r^7 

^ — Ameri<^*6:> 92-^9 ^ 

— Amerieati.lmports and exports of, 22 

— as money, 3 
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Cacao, !&ahia, characterijtiof of, 97, 1 1 1 
114 ' *• 

output of, 97 ^ 

— bark.^ro f)f, fil-57 , % « 

► — J3ean8, ohoraical coiiHtitucnt!* of, 119-* 

125, 371-410 ^ 

— bean gorter, 132 

bcietles, 54 • * # 

• — IlcrbiPc, cluyaetCTjst K s of. 90 

- I^cnds o#^27G, 2H1, 28:» 

-- botany of, 31^17 * • 

— tlrazil, charactonstu s of, 90 
-• — outj)iit t)f, 5l, 90 

— brt^kiA^, 04 

— butter, adultoratictis^)!, 474 

-- --- eheniK;al eoifct itiJ('tds of, 381 

— — definitioiiH of, 550 * 

— - — digegtibdity of, 304 

— estimation id, 448-478 

— ^^cpre'SHion of, 109 

— filtration of, 172 

— in clioeolati*, 2<15. 200,* 208, 271, 
291-290, 302, 327, 328 

in cocoa powders, 184-195, 423 

— - in husk.s, 381 390 

— - - in nibs, 403-400 

- - iodine value of, 385^ 

— — melting point of, 384, 402 

— — method of determining meltimi 

point of, ltd 

— — „ . — pliysual and chemieal 
constants of, 457-% 7 8 

— — physical and chemical *<'onMtanl.s 

• of, 381-390. 478 , 

— - - prcHia If 0 • 

ReicherPMcissk value of, 389. 478 

•saponification value of, 387^ 

^Hjlbcifit' gravity of, 383, 400 

- — substitutes, 474 

- tests for adulteration 457-478^ 

— Cameroon, char«< teristicH HM 

— — output of, 21, 104 

— (^.aracas, chara(‘teristics «f, 

■ - ^ej4o*v<^lf^ucteristic8 of, 10‘J ’ 

— • — output of, 21, *107 • ^ , 

^ elanniilg and sorting machine, x*-., * 

• — colouring raattfi^frtin, 398*^11 

— enngum|%i«n of, 18~2C^ 29 * 

— Cuba, characteristics of *97 


•^'aeao. Ciiha, o^ttput 4 >f, 21, 97 
-- cult i\ at ioii%>f, 38-5^ 

-• desert {>#io»of ^•ommo^cial, 99-11^ » 

^ discaJbs of. 51 TiA j * * 

- drying. 78 

• - English ii^poifs and exports of, 24 27 

- Ksmeraldas. i haracterislies of. 9^ 

- J^ss(M|Uib(>. chan^c'terifjticK of .*90 
extract of, as improxcr, 378 ^ 

• fermentation id, 58-70 
finishing, 80-85 * 

lirst Frem h ( lop id, 10 

— flowers of, 34 

food -value of, 354 .307 * 

— fruit <d. .34 • » 

germ, analyses of. 125. 148,421 
germ -»'\t railing inai*hine, 154 
gllieoMide of, 412 

— (Jrenaila, ehaiaetensties »d, 101 
outjmt of, 21 , 1 01 

(luayaqiiil Arnba, charaetiTisties of, 92 
- Ma<-ha!a, eharaeterist ies of, 92 

— history <d, 3 17 • ^ 

0 husk as foddiM', 377 ’ 

as manur<‘. 378 

husking and winnowing machine, 1,5(1 
husks, analyses of, 124, 125, 139, 380 
.lamai<*a. eharaeterist les of, 102 
- output of, 21, 102 

- .lava, charaettTisticH of, 108 

- — output of. 21 , 108 

kernels, analysi's cd^l 19-125, 130-139, 
l(M), 401 

manures and manuring, 41-40 

— - Marai-ashr>, charaf*teristi< M of, 94 

— Maranlfeo, characteristics of, 90 

- marketi for, 21-29 

— mass ^stH* also Aftaly^tn ^ ^roaitt'd 

kernelft), 102-109 

— matter, es^rnation of, 292, .527 
-- micn)Scopy <d, 434-445 

— ipills, 1(^3 
inyt,hoIo|^y yf, 4 

-- picking, fiii • 

— jSlaytathms, 39, 48 

— ^dan^ng, 48 

~ planting 4 /f, ancient ceremony, 0 

— {H>liHhing9»84 ^ 

— powdA-. See Cocoa powder. 
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#*Cacao, pruning trecH of, 55 

— rea, 65, 398, 4lf \ 

— of, 407 ^ 

—f roBHter, 142 ^ ‘ , 

~ Han ftotningo, iharaott^risticB of, I6t) 

outjmt of, 21f 

— San Thome, charaoteriftfirs of, 104 
.. — -g, output of, 21, 104 ^ 

-- Soooiiusco, ohara/^tcrirtticH of, 90 

- Bhatlh trecH, 49 • 

- Hhelljug, 64 • 

.soils, 40 

statistics, 18^30 

i Surinam, characteristu's of, 9.» 

— — output of| 9.'> 
theobromine from, 355, 410 
tree, 31, 34 

Trinidad, eharaeteristies of, 101 
• — output of, 21, lOl 

- varieties of, 35 
--- Venezuela, cliaraeteristies of, 93 

- - — outiuit of, 21, 93 

- - washing, 77 
— We*t liunan, eliaraetensties of, 99^ 

, — output of, 21, 99 
('aeaonin, 413 

(’adbury's eoeoa, analysis of, 186, 187, 
192, 359- 362 

digestibility of, 359 — 362 

Caffeine in eaeao beans, 395, 411 

— estimation of, 498 
(’al^baeillo eaeao, 35-37, 65, 87, 120 
Cameroon beans, ftiaraeteristies of ,*104 

— — fermcntatfon, data of, 68 

— ■ — output o^ 2 k, 104 ^ 

Cancerous jiarasites, 55 | 

Cane sugar as adAlterant| in i-oeoa 
IK^ders, 188f 197, 198 *’ 

in ehcH'olate, 265-273, 276-283, 429 

estimation of, m chocolate, 517 

Canker, 51 

Caracas beans, analyses of, 121, 122,^24 

charatderisties of, 93 * 

cSfcrami^sing machine, 34’^!^ ^ 

Carupano cacao, ^aracteristi^'s of, 1|4 
Casein, estimation of, 630 ^ * 

Cassava, as catch crop, 61 , 

Cantilloa elastica. as catch (Jop, 60 ‘ 

Catch crops (for ci&ao plonUtians), 49-51 


I ('dluMse in«eacao beans (see alto under 
Anabjty»^)i 406 

-- ill cocoa /jiowder (see also under 
Analy^'^), 426 
« _ *in VJ3 
— estimation of, 493 
tlcylon cacao, characteristics of, 107 

_ fermcntf.tipn, data of, 67, 68 

output of,*‘21, 107 

(Chambers, cooling, for clto^late, 24§ 

^ heating, f6r <thocola4e, 215 * 

diaractensticH of cacao varieties, 9()rll8 
( ’billies, as catch crop,t51 • 

Chinese tallow, physical an(^ chemical 
constants of, ^78 

(’hoeolatc air-eiaract^g machine, 238 

- as inHamcr of passions. Introduction, 

7. 357 ' 

- automatu- weighing machine for, 251- 

256 e 

- - “ eonchc " machine, 322 

- cooling inRchines, 248 

- covering, analyses of, 327, 328 

— — reoifK‘8 for making, 327 

— croquettes, 247 

j -- deftnitions of, 549 
• derivation of word, 31 
j — drop press* 247 
I - early monutioly of, 10 
i - first apiH'arance in Kurojic of, 7 
I - “ fondant,’’ 284, 307-323 
I food-value of ^^Introdmtion, 355-367 ^ 

- - forcing and weighing machine, 25 

256 ‘ ‘ ‘ 

improvers, 35Jf, 379 ^ ^ 

- - ‘ melangeur,” 2^4 < 

- - methods of analysing, 44^632^. 

** - mibc, analyses of, 2S^>-301 • ^ 

— — recipes for making, 290-301 e 

— mixing and kneading machines, 20«, 

» 330 ^ ^ 

- -- moul<Li, 244 

— moul^ -filling machines, 251—267 

1 -«- neapolitans, 24T ^ t . f, t ^ 

-- n\^,*rffcipe8 of, 203 * « 

nutritive value of, Introdvftifint 3W>^ 

• S«7 , . • t 

— ptain, ar&lysea of, ^61-^3 

— 1 *. recipc«%r making, 276-287 
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Chocolate powder, 287| 

— refiners, 206 

— surrogate, 

— tapi^ng table, 245 

— teas, 373-381 

— temperature for 

— tempering maohmeK^239 

— varnish, 2^, 353 Z 
Chocolaterie •uvrierc rtxoa, analvsi*' 

\ IS8 - . . . / 

Cj^ronolla, as catch crop, 51 

Ciassificatioii of cacao, coinmcrcjal, 0(h 91 

• • 

Hart’s, 35 

— “ Morris', ^5 

“ Claying ” caca^, ancbwashmg, 77-85 
Climate for successful cultivation, 39 
Oicoa powder, adultcranii of. 197 

— — analyses of, 185-200 

— —• composition of, 417-427 

~ —•crusher and disintegrator. 173 

methods of analysing. 448-532 

* jilant for manufacturing, 183 

sifter, 173 

“soluble,” rec ijies of, 175-183 

Coooa-r(‘d, in cacao, 398, 4 1 1 

estimation of, 497 

Oiconut fat, detection off 457-478 

physical and chemical i’oiistants 

of, 478 

Coffee, as catch cro]i, 51 

C^ld-water extract of cacao, cti* , 43<h 487 

determination of, 487 

yolletotrichum, 52 • 

Colouring cacao, 8l • 

Colour fruit, 34 
Commercial kinds ^ cacao, 9d-1 18 
"Cflhche*’ machine, 322 • , 

Coiltteiised milk, prcjiaration of, 311-314 
— for preparation of milk <‘hocolate. 

Consumption of Aicao, <‘tc., 

Cooling machinery for tablets, et<-., 248- 
255 , • 

■ — • %ff**ro3iHted ^ans, 142^ ^45 

^onUt cocoa, analysis of,«I88 j** ' » 

ConftRu6u8 mouldi-filling and ^*lapping 
machine, 2/A • ‘ 

Copper in^hft ash of cacti')* 395 <, 
Cotton, as catch crop 51, » 


Ootton-seeu saearm* pnysicai an<» enemi- • 
cal consfantH of, |78 ^ 

’^’'oumariit, y>^d as flavouring mtlt^rial, 

• 3 . 1 > *». • • • 

tVivering-chocolate, 324—340 
(YiolU) cneof). 35 • 

Croquettes, ch«K*olate, 24^ 

C«ide libie, estimation of. 489 

— in ca<‘ao (st*e also under*.4mi/i/sr«), 

• 390, 406 

• 0 

Crushers for cocoa jKiwder, 173 
Cuban cacao, characteristics of, 97 

output t>f, 21, 97 

Cultivation of ciwao, 38-57 
Cuinlcamor vaficty of^'acao, 35 
j Curing 1 ‘acao. .58-89 

I hiss of weight during, 65, 72. 77, 

109 

Cuticles of l>eans, analyses of (see also 
Analy/*(‘-i of himk), 120 

l)i^Mn t acao beans, cure for, 131 
Uancing ” eaeao, 94 
^)ate chocolate, 305 

Dt'finitions of (’acao and cocoa prepara- 
tions, 549 

JV'joiig's coi'oa, Hnnlyses of, 188 
Dekker's method for estimating theo- 
bromine, .500 

l>etection of ailded husk in cocoa jwwder,, 
480-497, 53:1-548 > 

Digestibility of choimlate, .354-3fi4 
— cacof) butter, ,364—366 
Dika fat. physical and chemical con- 
stants of, *47 8^ 

Diorite f^r chot'cdate refiners, 207 
Diseases <>f cat'ao, .51 
Distance in cacao planting, 4.') * 
Disintegrator for cficoa jxiwder, 173 
Distributioi ? geographical, of cacao, 16, 
20, 21 

Daminiea >ca(*ao, charaeteristicH of, 103 

outfiut) of, 21 , 103 > ^ 

Domingo, ^Yin, ea<‘ao, eharaeteristicH of* 

* m) ' ^ 

— output of, 21, 100 
JHraining land for cacao, 39 
r>rop pres^for choeciate, 247 
Dry varieties of chocolate, 277-283 


w.o. 



^2 




[)rying If cacao l>eani, 78 
Dryne8H,±a raaiiita*!, in fa<'tory, 241-244, 

• . , " ' 
DuHt-renioiing maclriflc, 1.^2 < 

Dutch cocoa, prcparation^if, 175-182 

— (lU^ana cacao, oilUjiut of, Ijf) 

-f' importn and cxjiortH, 20, 29 


Eakia’ monopoly (^f/-hocolalc, 10 
Earth-nut oil, ])hyHical and chcinicul 
couHtantH of, 478 

tiating-chocolalc, analvMCs of, 261-275, 

* 290- 501 

rcciiics of, f;<V-286,*2<K>-504, 520, 

527 

E<'uador cacao, characteristics of. 92 
— output of, 21, 92 
Egg chocolate, 505 
“ Enrolicr,’' 556 
Enpholda. ' 540 

Epic's cocoa, analyses of, 186, 192, 197 
•Esmcraldas catio, characteristics of, 92 
Essential *oil of cacao, 79, 416 • 

Esseiiiubo l acao, charact<*ristics of, 96 
Essences for flavouring chocolate, 547 
Ethereal oils as flavourings, 547 
Examination, microscopical, of cacao, 
etc.; 454-447 
Ex^Kirts of cacao, 20-29 
Expression of fat, 169 
Extraction of fat, 448-457 • 

Ervthrina, as shadi^ for cacao, 49 


Eat. See Cacao butter, « j 

“ Fatiguing " choco^te, 212 \ 

Fennentatlljn, bacteria taking part in, 7<f 

— chemical changes during, 65, 7 1 

— loss during, 75 ' 

— temiierature of, 68 

Fernando Po cacao, characteristics of, M)6 
FiHH^ in q^cao husk, 590 • 

•nibs, 406 * •* 

^ esti|patior^f, 486-49^ • 

Fiji eaciK), output of, 107 * t 

Filling chocolate moulds, 257'-C57 i 

Viniahmg caqgo beai*-, 80 * , 

Flavouring materials for chocolate, 347 


'Flowers of ca*5^o lice, 34 
“Fondant” chocolate, method Qf pro- 
• parationa507, 320-5^3 

analysehof, 207, 268, 271 4 
„ — reeij^s for making, 520 
Fdtrastero cacao, 55, 62 
French chocolate^ an^yses of, 266 
— ■ r(‘ci}>eH for, 2^7, 28U 

Fruit of cacao tree, 54 • ^ 

Fry's cocoa, analy^s of, yi6, 187. 192 « 
F'ungi on cacao fruit, 52 
Fungicides for spraying, ^ 

Fiirfurol, estimation of, for pentosans. 
495 


(Jalam butter.*-' physical and chemical 
I'onstants of, 478 

(lathering cacao, 56 J 

derm, cacao, analysis of, 125, 148, ^421 
— — extractor, 154 ^ 

derman chocolate, analyses of, 266 

reeijies for, 281 

( lermination of cacao, 48 
dlobulm in cacao, 597 
'•(floor” patent, 231 

doa butter, ph58ical and chemical con- 
stants of, 478 

dold Coast cacao, fermentation data of, 68 

— output of, 21, 195 ^ 

drafting cacao, 47 ^ ^ 

dranite for^aisao machinery, 207, 224-226 * 
dravity, siiecifio, 58f,, 460 * • 

of cafao butter, etc., 384, 461, 478 

methods of determining,* 460 

drenada cacao, characteristics of, 101 
— ^ — output of, 21, 101 * * , ^ 

drinding cocoa powder, 173 « 

mill for beans, 165 

diound-nuts. as catch crop, 51 ** 

dround-nu^ oil. as adulterant of cacao 
butter^ 478 

Growth of eacfc, rat^-oi, 34, ^ 

ii^ustry, of,*4-l^'** V ‘ 

diMlielo^'ie cacko, characteristics of, 10^* 

•- ftjtput of, 21, iy2 ^ 

, (Juateiflala ea«M>, dlaraAeristies of, 99 
Guayaquil caci|ii|i characteristics of, 92 
I •output of, 92 
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vruajiOr ifo 


96^ 


^ output of, 21 , 90 * ^ 

CJuni benzoin, an vamish for i ti^t>laU\ 353 


^IfJBjne valuer* ot cmcao Duner ana u» 
adulterafTtH, 385 . ^ 71 , 478 
— methods of deterii?n^jing, 

41. 

\ 


Haiti cacao, cj^aracto^t ics of, 99 

‘ output%)f, 21 , 99 

f^\(id -covIHVig. methods 4>f, 331 
Hurt's classificaiion of cac ao. 

Harvesting cacaof 5 f> 

liazel-nut oil, physical and chemical con- 
^arfls of, 478 ^ 

Hevea brasihensis, Hiiadc trc'cs, 59 
History of oacac»,%- 17 ^ 

Hot chambers, 215 ^ 

Houten, Van, cocoa, analysis, 189 - 188 , 
MH), 192 , 359 392 

flnbl^ method of determining iodine 
value, 471 

^iusks, analyscH of raw, 124 . f 25 , 372 . ,375 
— . — — roast(‘d, 139 , 37,5 


— as fodder, 377 

— characteristic apiiearance of, of diflfe- 

rent cacaos, 92-109, 114, 117 
— - chemic*al comiosition af, 124, 125, 1.39, 
372, 375 

— detection of, in ccH’oa, cdiocolate, etc*., 

425 , 480 - 497 , . 53 , 3-548 

— extraction of fat from, 381 , 448 — 4,57 

- jiercentage of, in fieans, 112 , 113 , Ho, 

^ :m • * 

— removal of, 1.50 • 

• - U 8 es/>f, ,378 * 

Husking marine, fto 

Hy<ffhulic*presi» for cac-ao buttei* 170^ , 


of cacao, etc., 20-29 
Improvers, chocoflite, 352 , 37 !^ 
Ingredients used for cocoa preparations. 
See Recip efi.^ ^ ^ 

13 ^ 09 

^ J^uoluble ash, method of cteterni#flng»4Bl 
Intertr*catch-croge for cacao, 5(Jf 64 
Inveetigation, elemital, ^ caciifc, etc^ 
68-7Crt»-126, 37%^3, 449-§48 
— microscopical, 434—447 • 


.Iamak'a cacao, characteristics of. 102 
- output of, :y. 102 

.lava cR<*ao, characteristic-* of, 1,98 
out}>ut of, 21 , 108 
.lournals n*fcrr<*d to, ^,‘? 3-.555 
.ludging ca< ao. 109 


KAKiTfc fat. ]»hyHi(‘al Ttnd ( luMuical con- 
stants of. 478 

Kernels, analyses of raw. 1 19 - 12.5 

— - of roasted, 139 - 1 . 39 , 149 , 4 (M). 401 

ihanges in, during fermentation, 95 , 

72 

— ^ i haractensth s of different varieties of, ^ 

90-118 » 
j — chemical coiniH>sitioni> of, 119 - 125 ,* 
• 1 , 39 - 139 , 400 , 401 

— iiK'thods of analysis of, 4 48 - 5 IT 

— pniportion of, in iH'ans, 112 , 113 , 115 , 

Kneading ina<*hine for chocolate, 237 , .l.fO 
Koettstorfer value of fats, 387 . 478 

met hods of dt-termining, 496 

i Kokurn butter, physical and cbynical 
^constants of, 478 i 

Kreuz method of estinjating cacao butter, 
452 ^ 

Kunze's 3 metlfod "'of ^estimating theo- 
bronjne, 499 ^ 

Lactohb in milk chocolate, estimation 
of, 617-127 

Land for successful (ultun* of cacao, 

• 38 - 4 fk 

Lard, physical and chemical ^ onslafits 
of, 47 ff • * • 

gAss, os cat<‘h crop, 51 
l^vigsfinon of chficolate, 2(Mr-2l5, 224—227 
iJme, neca^sary for successful culture 
of ca<‘atb, 40 o 
! *' Lindt^' ttavour, 286 
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preliraini-ry pi^pftration^of^ 

be^. 115. 1^167 * 


- ftn*\^lhing cacao, 77 

* • 


Machala, (;ua>q*il, tlcac^ character- 
iaticH of, 9'2 

Machine, ^air-extracting, 2.‘t8 • 

— auton^^tic tempering, 2:J9 

— caramel iaing, 34H 

— " (Ihanifhon ” dipping, 333 

- rhocolate cooling, 248, 2.’)l-25r» 

- cleaning and aortmg, 132 
~~ “ conche,” 322 

— contiiiuouH nutild-HlIiag and tapping 

251-255 

--- covering, methodH of, 331-340 

— drop preHs, 247 
“ Enrolicr, ’ 330 

— “ Enpholda,” 340 

» — forcing and weighing, 251-25(1 

— germ extracting, 154 
*' — milling, ItV • 

— mixing, 204, 33(i • 

— mixing and kneading, 330 
-- niould filUng, 251-257 

— nibbing, husking and winnowing, 150 
Madrc> de ('acao, as shade trees, 49 
Mafura. tallow, physical and chemical 

constants of, 478 

Magnesium carbonate for '• soluble ” cocoa, 
179 • 

Malaba tallow, physical and chemical 
constants of, 478 
ManUiot, os shad? tree, ,5b t 

Manufacture of chocolate, 1121-169, 201- 
236, 307-323 \ 

- _ . twwaers, 169-183 

condcnscKl milk, 311-314 

milk powder, 315-3141 

“ soluble ” ew'oa powders, 175-183 

Manures for cacao plantation^, 4l-4(i 
-• effec^ of, on yield, 45, 46 
Maracaibo cacao, charaet«iwRic8 of, 94 
Maranhao ci^eao, cMraet^risti^s o(, W 
Markets for cacao, 22, 23 ^ 

Martiniqasp first-crop of eacie from, 10, J 6 
^ — c^ao, oharaoteiistics of,' 102 

Materials, flavouring, for chocolate, 347 


Matter, caca,pj' estimation o^ 527 

— reducing, ei^imation o£,^ 607 ^ 
Mauritius ca^ao, outpu^ff, 21, lf7 
Ml'iidl-Reicheft value fats, 38|, 478 

.! /hfethod of determining, 468 

“♦Melangeur,’* 204 

— use of, ^or making, 204- 

^ 

“ Meltis ’■ chocolate, anfiljtis of, 267 ^ 
Menier cocoa, anaj^ysis of^ ISST 190 a 
Melting ^ints of cacao butter substi- 
tutes and adulteraidis, 478 ^ 

of fatty acids, 464 

methods of dq|ermiDing,*of #acao 

butter, etc., ,46? 

Mexican cacao, characferistics of, 99 
Microscojiical ^animation of cacao, 434- 
439 

of chocolate, 439-447 • 

Milk chocolate, analyses of, 290-301 

eom^Kments of, 430 

definitions of, 551 

methods of analysing (see also 

Plain chocolaien), 520-532 

milk solids in, estimation of, 629 

recipes, 290-301 

fat, physicrl and chemical constant? 
of, 478 

— jKiwder, for milk chocolate. 318, 319 
preparation of, 315-319 

— re}X)rt of on, 432 

— sugar, estimation of, 520-527 ^ 

Mills for grinding dicao beans, 163 , 

Mineral matter, estimation of, 480 

— — in husks, 3fil^ r* * * 

in kernels, 4(f7 

Misentbles,” com|)OHitH>n oft 375!* 

“ Mitscberlich ” bodies, 436 
Mixture. Sec Recipfs. 

Moisture in cocoa proparations, 41ini 

— methdSs of estimating, 479 

Moreuil cocoa, analysis of, 188, 190 
Morris' cfassfRcatiqp q/ cac^, 35 
l^oths, (^ao, in st^ 13C 

M«ul<^^iiling machine, 251-265 , 

McHilfiing chocolate, ^37-267 ^ 

— temperature fo4, 24i 
j Mouldy caoao, 4 treatmeiit <K,^30 

Mythology ^Sating to cacao, 4 
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MJCAFOLITANS, ^ouIding^47 ^ 

ehaj^ctiriBtios of. 

‘ ’ Kootria Bi^nii, 51 | 

Nits, analyses of raw, 119-125*\ 

— r~> of roasted, 149, 409. 401 *• 

• — methods of analysj^ofc 44rf-r>l7 

Nigerian cacao, j^utpue^TTil, 1(»« 
%trogen in cat!#o,^97, 409 

• ~ \ ™ halts, 397 

— nibs, 4^ 

— trees, 41 

— estimation of, 

Nurseiigs fbr cj^cao, 4^, 49 

Nut chocolate, re<'im\‘ffo* making, 303 
Nut oil, physical ami chemical constant r 
of, 178 

Nutmeg butter, phyRU'al and chemical 
^ corwtantR of, 478 

* Nfltritiva value of chocolate, Intrf^vr^ 

iton, .354-307 


Oi'HKE, adulteration with, 202 
tjils, essential, tor tlavuuring, 347 
Ordinary chocolate iiowder, recipe for 
makinu, 288 ^ 

— milk chocolat^ reeijw for making. 3(M> 
Organic acids, est iination of, 502 
Oxalic acid, estimation of, 503 
m cacao, 188, 413 


I'A^KiN* choc’olate, 25*1 
Palm keniel oil, physical and* chemical 
constuffts^f, 478 * 

Palm oil, ph^ieal fbid chemical eon- 
s^ibts M, 47tJ ^ j 

Para <%cao, characteristics of, 96 
Bhtra rubber as shade trees, 50 
Paryiil^ wax, physical and chemical^ 
constants of, 4t8 
l^rasol ants, 54 

Pectins, ut ilisaU on ^yf 4tfK?ao,^6 ® 

1 40ii|feosi!#,^i(Raaatton of, 494 ” 

in cocoa powders.^O • 
in hfRlft, 391 ^ 

Pepper, as catch crop, 91 
Petroleum Sthfr for extrgfting fat, 

4.56 ^ 


^ti|^horic if 

Imulwara buttllr, |>hysy^al and cMmical 
^ cons^'atS^f. 478 
P^ytopHl^ra Faberi^^m 

— omnivora, 52 

Physical and ^hei^ical *ons|ants of cai'ao 
butter and subst itutes. 478 
Pick^g cacao fruit, 56 . ' 

Pigment cells of (*a<'ao. 437 
Pii?e-nut oil, physical and chcinii'al 
constants of, 478 ’ “ 

Pinej^ tallow, physical and chemical 
(‘onstants of, 478 

Plain chwolatc, analyses of, 261 --273 
rw ipes fo» making, 276-289. 21H»- 

:m 

Plant af’ids. estimation of, 502 
Plant fi»od removed from soil by ('acao, 40 
Plasinon cocoa, digestibility of, 359-362 
.P<als, description of (*acao. 34 

— illustration of, Fronti»pierp. 

“ Polishing ’* cacao, 84 

— — automatic machines (;>r, 85 
I*dhsible adulterants of ca('ao butter, 

detection of, 457-478 

— — „ physical and chemical 

constants of, 478 

Potash for rendering ^•o(‘oa “ H(»lublc,'’ 
176-182 

Powder, cocoa, <’om|ionentH of. 417-427 

— — methods of analysis of, 448-5-^ 
soluble," 175-1^3 

— chocolate, componen |,8 of, 428-43.3 
methods of analysis of, 448-548 

— — r«K‘i|X‘s fof rni^in,^', 287-289, 301, 

30.3 1 ^ 

PowderingJjocoa, 173 
Prejmration of “ oh<x?olat fondojit,’’ 32f>- 
323 

chocolaDe, plain, 201-236 

— - cocoa powder, 169-183 

— r flavours, 347-353 

milk chocolate, 309-319 > 

*• w>lu51« " p(»wdcr, I /.5-183 

Presi^rv 5 ,ticfifi of cacao beans, 130-132 

Pi^, CLJuao butter, 170 

—5 chocolate 'drop, 247 

Pro<«eM of %anufaotytre, influence or 



m 

* 




Froplrtion of nib# an(l|liu8k8 in 

J|an8, 112,^13, l.lf 158. 371-381), 

; *48(^02 . ^ ^ 

Protf id fnatt^r in»<lioao nibs, ^ 

},UKk, 31)7 

e«tim8^ion«t>f, 

• PrcjviHional delinitione and Htandanln, 549 
Prunmtf i‘aoaoj:;rf!ies*55 
Puerto J’abt41o cacao, charact-eriHticH of, 
95 * 

PulvoriHcr, cocoa *jM)wder, 173 


Jt^i’ANTiTY and ijuality of Iw'anH from 

natural cauHOK, 8d-89 

% . 

• — - from Tcnnentation and 

cunnk, 58-79 


Radiclkh, removal of, 154 

Haw cacao liunks, analyses of, 124, 125, 


Roasters f^r op^n fire, 14^ 

— externally heated, 1» 

Roasting 135-U^ 

fl#(vntree’s #;oooa, a^lyses o4 186, 18 

r 19^' ’ 


•Royal Soconusco cacao, characteristl 
of, 99* 

Jobber, as shaa^rees.^SO 


Saccharin, for diabetic cocoa, 199 ’ 

St. Lucia cacao, characteristioa of, lOS 

output o^, 21, 1.03 ^ 0 

St. Vincent cacipo.^characteristios of, 103 
Samana cacao, char^'teristics of, UK) 
Samoa cacat^fharacteristics of, 107 
Sampling, during roasting of cacao, 142 
San Domingo cacao, characteristics of, * 
100 '• • < 


372 

kernels, analyses of, 1 19-125 

Reci])e8, chu^iolat# “ fondant," 320 
•|KiwderH,*287, 289, ,301, 303 • 

— covering-chocolate, 327, 32H 

— milk chocolate, 290-301 

— jilain <‘ating -chocolate, 279-287 

— vanilla sugar and essence, 348-350 

— vanillin sugar and essence, 349 
R<mI, cacao-, in mbs, 411 

— estimation of, 497 
lU'diK'ing matteqji in cacao, 507 ^ 

estimatiop of, 507 

Refiners, 209 

— steel »yrAM.?*gra?iite,*224-€29 
Refining chocolate, J^09-215| 
Refraetometer values of olcao butter 

sYibatituteslind adulterants, 389, 478 

— — methods of determining, 458 
Refrigeration methods, 368-250 
Reiohert-Meissl value of cacao butter 

and substitutes, 389, 478 , 

♦— — g- methods of d^rmining, 468 
of Chapter# HV.-VH., 86-89 
RipenVas of cacao Ifruit, detdlrmipinUt 57 
Roasted cacao husks, analyse# of, 124, 
126,372 . *. 

Rotated cacao kernels,*' analyses of,* 
136 > 139 , 400 , 401 ^ 


output of, 21, 100 

San ThoA('‘ ca(‘ao, characteristics of, fffi 

■ output of, 21, 104 

SajKmification value of cacao butter 
.substitutes and adulterants, 387, 47^ 

— - ' methods of determining, 466 
Seed, analy8%s of. See Analyses. 

— planting, 48 

— selection, 46 

Seychelles cacao, characteristics of, 107 
Shade plants for cacao trees, 49 V 

Shaking table, 2^5 -a • 

Shea huUer, phjfiucal and chemical eon- 
stares of, 478 
Shell butter, 378? 381 
Sheilmg cacao podfe, 64 
^ Shelly See Huaks. • 

Ahort-cuts to chocolate manirfacture, 
217-236 

I Sifting cocoa powder, 173 
Silent t€i)ping table, «^45 
Silicic anhydride in ash of cacao husfc, 
39f, 3#4 ^ ^ 

* — nib^*'l6ii6‘ ♦ • ® **. 

•l^itel^ScacaA plaij^ation, 39 ^ 

S^KJinusco, Royal, cacao, cMilMeiulios 

Af , 99^ t * i 

' Skpls for suc^jesaful cultiwiftion of oacad, 

• 40 ^ 
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I 'f^w5c» t- 


;*':’,.";.i, 4 i»- 4 S 7 ' ' 

P*«pM»*ion of, 175-1^ 

*4— — — jpropttftie# 358, 300 

f rSgrting ca<t»o beams, Ui^ ^ 

^Spanilb choc^at^f. finely H#t df, 20(^ 

— ^ -^recipes for making;, 282 
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— characteristics .‘4^8 ^ 
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